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. I N T R O D U C T I O N
The aetio logy of many o f the diarrhoea! diseases of 
infancy is  imperfectly understood. N evertheless, c la ss ifica tio n  
o f these d iseases is  usually  made em pirically on an a etio lo g ica l 
b asis . That outlined by Laurent (1944) may he taken as a typ ica l 
and generally acceptable one, in which in fa n tile  diarrhoea is  
divided into three main groups.
1. Non-infective diarrhoea, which usually occurs as a
resu lt  o f fau lty  feeding or as an accompaniment 
o f dentition .
2. Symptomatic diarrhoea, which occurs in association
with parenteral in fections esp ec ia lly  those of 
middle ear and the upper respiratory tract.
3. Infectious diarrhoea o f primary gastro -in testin a l
orig in . This group comprises in fections o f known 
aetiology such as the dysenteries, enterica and 
salmonella in fec tio n s, and also those o f unknown 
or doubtful aetio logy.
Nowadays, the term epidemic in fan tile  gastro-en ter itis  is  
commonly used to denote the la t te r  type o f in fectious diarrhoea 
and, during the la s t  decade, in terest has centred on the part played 
by certain serological types of Escherichia c o l i  in the aetiology  
of th is  condition.
From early  in 194-9 i t  had been apparent that strains of  
E. c o l i  sim ilar to those associated with in fa n tile  gastro-en ter itis  
cases elsewhere in B rita in , were occasionally being iso la ted  from 
infant and adult patients in S tob h ill General Hospital, Glasgow.
At that time the sign ificance o f the findings was not clear.
Accordingly, in October, 1951? an investigation  was begun, the aims 
o f which were as fo llow s:-
1* To note the occurrence o f certain sp e c if ic  sero log ica l 
types o f S. c o li  among cases of gastro-en ter itis  in  
the h osp ita l.
2. To record sero log ica l and/or biochemical variations 
within each type in order
(a) To assess the relationship  of such variations
to pathogenicity.
(b) To investigate and develop methods suitable
for the routine iso la tio n  and -typing of
E. c o l i  strains from faeces.
3 * To determine from c lin ic a l records and by experimental 
procedures the pathogenicity o f sp e c if ic  serological 
types o f E. c o li  for human hosts.
This th esis records the resu lts  o f the investigation  in 
respect o f the following sero log ica l types o f B. c o l i . v iz . ,  0111 B4, 
055 B5, 026 B6 , 0125 B15, 0126 Bl6 and 086 B7.
Other sero log ica l types have occurred in association with 
epidemics o f g astro -en ter itis  since the commencement o f th is study. 
Such strains were included in the investigation  as they became 
availab le , but they were iso la ted  only very infrequently or not at 
a l l  and have, therefore, not been referred to in the resu lts .
CHAPTER 1
GENERAL REVIEW OF LITERATURE
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CHAPTER 1
GENERAL REVIEW OF LITERATURE
The concept o f E. c o l i  as an a e tio lo g ica l agent o f epidemic 
in fa n tile  gastro -en ter itis  though top ica l i s  not an en tire ly  new 
one. As early as 1912 Bahr and Bahr and Thomsen tr ied  to show a 
relationship  between strains o f E. c o li  iso la ted  from new-born 
calves suffering from diarrhoea and those recovered from infants 
with diarrhoea. The organisms were c la s s if ie d  by fermentation 
reactions and i t  was found that strains from both sources were of 
the same fermentation types. In 1923 and 1927, Adam, again by 
fermentation reactions, attempted to c la s s ify  coliform organisms 
obtained from cases o f in fa n tile  g a stro -en ter itis . Adam believed  
that certain strains o f E. c o l i  caused th is disease and that these 
toxic strains had a d ifferen t fermentation pattern from other non­
toxic stra in s .
In 1937, Blacklock, Guthrie and McPherson carried out post 
mortem examinations on babies dying o f primary acute non-specific  
gastro-en ter itis  in a Glasgow children's h osp ita l. They found 
coliform organisms present in the duodenum and upper small bowel in 
these cases but only rarely  and in small numbers in control non- 
diarrhoeal p atien ts. I t  was suggested from those findings that the 
virulence o f E. c o li  may have been enhanced to such an extent by 
growth in an unusual part o f  the bowel that the organism had become 
an in fective  agent. Payling Wright and Payling Wright (194-6)
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having studied the death rates from gastro -en ter itis  in Uillesden  
during the years 1930 to 1930, were o f the opinion that a 
s ig n if ic a n t proportion o f the deaths were in some degree associated  
with each other in time or place or both and suggested that th is  
distrib u tion  might have resu lted  from the widespread dissemination 
throughout the community o f one or more strains of some common 
micro-organism o f r e la t iv e ly  low virulence for a l l  but the infant 
population. This point of view is  in accord with the hypothesis 
that E. c o l i  may exert enteropathogenic e ffe c ts  in infancy.
Recent advances in our knowledge o f the role o f coliform  
bacteria in in fan tile  g a stro -en ter itis  date from the observations 
of Beavan (1944) and Bray (1945)* Beavan noted that the stoo ls  o f  
infants with severe diarrhoea often emitted a characteristic  seminal 
odour which, on culture o f faeces, proved to be due to the presence 
of certain strains o f E, c o l i . These stra ins were id en tified  as 
35, c o l i  type neapolitanum, which term was held to sig n ify  a c o li­
form organism which normally fermented sucrose and sa lic in  but only 
slowly fermented maltose* Further investigation  showed that 
organisms having these characteristics we re frequently found in 
cases of in fa n tile  gastro -en ter itis  and only rarely in unaffected  
in fants, Bray (1945), in England, studied fifty -on e cases of 
in fa n tile  diarrhoea between 1943 and 1944* Thirty-nine cases were 
severe and twenty died. A ll infants were under one month old and 
a ll  were b ottle  fed, A rabbit antiserum was prepared against a
ty p ica l, seminal sm elling, la te  maltose fermenting stra in  of E.  c o li  
Isolated from one affected  infant. This antiserum agglutinated  
liv in g  unheated coliform cultures from the sto o ls  o f affected  
infants but had no e f fe c t  on stra ins iso la ted  from other sources. 
Forty-two o f forty-four cases o f summer diarrhoea produced strains  
agglutinable by th is antiserum while only four such strains were 
obtained from one hundred normal in fants. Post mortem examinations 
carried out on fa ta l cases were remarkable only for the paucity of  
sp e c if ic a lly  abnormal findings and attempts, to reproduce the disease 
in  lacta tin g  mice, kittens and rabbits were uniformly unsuccessful. 
These investigations led  Bray to postulate that a s in g le  serological 
type o f E. c o l i  had been iso la ted  from his g a stro -en ter itis  patients 
and that th is type was uncommon among normal in fan ts. He did. not 
consider, however, that the organism had been proved to be the cause 
of g a stro -en ter itis .
In association  with Beavan, Bray in 194-S recorded further 
resu lts using the antiserum already referred to . Slide agglutin­
ation was performed on cultures from forty  infants with diarrhoea 
and from eighty control in fants. An organism, apparently identica l 
with that iso la ted  from the f i r s t  study, was obtained from th irty -  
fiv e  infants with diarrhoea and from only three control infants.
The id en tity  o f the B. c o l i  stra ins iso lated  was la ter  confirmed by 
tube agglutination te s t s .  The authors pointed out that in severe 
cases i t  was usual to iso la te  E. c o l i  neaoolitanum in apparently 
pure culture.
The importance o f the observations o f Beavan. and. Bray 
received early  recognition and further in vestigative work by 
paediatricians and b acter io log ists  has sub stan tia lly  confirmed these 
observations. I t  has also  become apparent since 1948 that strains  
o f E. c o l i  other than those described, by Bray and Beavan have been 
implicated from time to time in in stitu tio n a l outbreaks o f in fan tile  
g a stro -en ter itis . Much of the subsequent research work has been 
directed to estab lish ing proof o f a d irect a e tio lo g ice l relation­
ship between these strains and the disease.
In 1948, Giles and Sangster reported on ninety-three cases 
o f primary in fective gastro -en ter itis  in in fant patients in the 
City H ospital, Aberdeen. No recognised bacteria], or v ira l pathogen 
was iso la ted  from ninety-two of -these cases but over 90% yielded an. 
organism c lo se ly  resembling that described by Bray. A ll strains  
iso lated  were non-motile and were sero lo g ica lly  and biochemically 
id en tica l with each other. There was evidence o f case to case 
spread in the wards concerned, with sudden onset o f illn e ss  a fter  
an incubation period o f three to ten days. A case fa ta lity  rate 
o f 56.5$ gives an indication of the severity  o f the d isease. Post­
mortem examinations on fa ta l eases revealed no sp ec ific  abnormalit­
ie s .  Attempts to reproduce the disease in new-born mice and 
kittens both by feeding and by recta l in jection  o f cultures o f the 
organism were unsuccessful.
A second report from Aberdeen by G iles, Sangster and Smith 
(1949) recorded two hundred and seven cases with diarrhoea of
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uncerta in  aetio logy  admitted during 194-7 to the City H ospita l.
E. c o li  neaoolitanum sero lo g ica lly  id en tica l with Bray's organism 
was iso la ted  from 95% o f  a ffected  in fants, one hundred and five of 
whom died# The organism was iso la ted  from only thirteen of seven 
hundred and twenty-one controls. The authors drew attention to 
the chronological relationship  between presence o f organism and 
appearance o f diarrhoea.
In November, 1947, a further strain  o f E. c o l i  began to be 
encountered in cases o f in fa n tile  diarrhoea in Aberdeen. This 
organism was m otile, did not ferment sa lic in  and was sero lo g ica lly  
d is t in c t  from the strains iso la ted  ea r lier  in the year. I t  was 
named E. c o l i  neaoolitanum type beta to d istin gu ish  i t  from the 
alpha type previously encountered. The beta type was iso lated  
from the stoo ls  o f twenty-one of forty -e igh t cases o f in fa n tile  
diarrhoea but from only three o f f ifty -th ree  heal.thy infants and 
from one of seventy-four healthy adults#
In 1947 and 1948 Taylor, Powell and Wright (1949) carried, 
out a c lin ic a l and b acterio log ica l investigation  o f a number of 
epidemic and sporadic cases o f in fan tile  diarrhoea in England.
None of the recognised pathogenic enteric organisms was iso la ted  in 
over one hundred cases o f in fa n tile  diarrhoea. Studies for virus 
in four fa ta l  cases were negative. However, a coliform organism 
of a sin g le  homogeneous sero log ica l type was isolated  frequently 
from recta l swab cultures. This organism was named D.433. I t  
was f i r s t  id en tified  during an outbreak o f diarrhoea in the newborn
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nursery  o f a m atern ity  u n i t  in which nine in fan ts  were involved.
A ll gave p ositive  s to o l cultures of th is organism. The same 
sero log ica l type was again iso lated  from a l l  twenty-two babies with 
diarrhoea who were examined during two outbreaks in a mother and 
baby h oste l and one outbreak in a resid en tia l nursery. Thus a 
constant relationship be tween E. c o li  D .433 and cases o f infectious  
in fa n tile  diarrhoea was shown.
The organism was also  iso la ted  from twenty-one of twen ty -  
fiv e  infants with intercurrent diarrhoea during treatment for o th e r 
conditions in a children's h osp ita l. In patients from two further 
un its, one group being consecutive admissions to the gastro­
e n te r it is  ward o f a children's hospital and the other, infants 
admitted to an infectious d iseases h osp ita l, s ix  o f fourteen and 
five  o f twenty-four cases yielded D.433*
As a control group one hundred and seventy-five normal 
babies attending infant welfare c lin ic s  in London and resid en tia l 
nurseries in Hertfordshire were examined. A ll were negative fo r  
E, c o li  type D.433* Sim ilar findings were present in the case of
th irty-three babies admitted, to a London H ospital for diseases o th e r 
than diarrhoea. Investigation o f a further th irty-four babies 
who had been in contact with cases y ield ing D.433 showed that nine 
of the th irty-four were excreting the organism. None, however, 
had diarrhoea. A ll the above in stitu tion s were re-investigated  
after in tervals o f several months. Eighty-two infants had recta l 
swabs taken which were negative for E. c o li  D.433*
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The d istribution  of th is organism was not confined to one 
area or one season of the year. I t  was found in infants ranging 
from ten days to eleven months, but the majority were under fiv e  
months old-. I t  is  in terestin g  to note that only two of the 
babies from whom E. c o l i  D.433 was obtained were wholly breast fed.
E. c o l i  D.433 was id en tified  by Kauffmann and Dupont (1950) 
as being o f the same antigenic type as the stra ins of E. c o li  
neapolitanum recovered by Bray (194-5) and Giles e t  a l. (194-8, 194-9). 
The organism was c la s s if ie d  by i t s  somatic ‘O’ and surface 1B1 
antigens and designated S. c o l i  0111 B4,. The beta variety of  
E. c o li  neaoolitanum described by Giles e t  a l .  (194-9) was shown to 
be o f sero log ica l type 055 B5. Kauffnann and Dupont at th is  time 
were not prepared to take any d efin ite  stand concerning the 
a etio lo g ica l relationship o f these strains to in fan tile  gastro­
e n te r it is .
Nevertheless, further evidence im plicating one or other of 
these two types was stea d ily  being b u ilt  up. Smith (194-9), 
continuing the Aberdeen investigation , reported on seventy-five cases 
o f suspected in fan tile  gastro -en ter itis  occurring in a hospital 
cubicled unito S ixty  o f these patients (81^) yielded type 0111 B4- 
or 055 B5 with again fa ilu re to iso la te  e ith er  organism from large 
control groups o f p atien ts. In Birmingham, Rogers, Koegler and 
Gerrard (194-9) found, e ig h ty -s ix  babies in the Children's Hospital 
harbouring E. c o li  0111 B4-. Twenty-five o f these babies remained
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symptomless and sixty-one e ith er had or developed symptoms of  
gastro-enteritis*  Treatment with streptomycin was tr ied  in twelve 
cases but did not appear to be efficacious* Twelve further cases 
were su ccessfu lly  treated with chloramphenicol* This a n tib io tic , 
which was e ffec tiv e  in v itro  against E* c o li  0111 BA, cleared  
stoo ls of the organism within four days and though there were three 
b acterio log ica l recurrences, no case relapsed c lin ica lly *  Similar 
c lin ic a l improvement was noted in eight cases o f gastro-en ter itis  
by Magnus son e t  al* (1950) following the use of aureomycin. The 
treated babies were harbouring E* c o l i  0111 BA and c lin ic a l  
improvement corresponded with elimination of the organism from 
s to o ls . This good response to an tib io tic  therapy was further 
evidence in favour of the a e tio lo g ica l relationship  o f the type 
0111 BA to in fan tile  gastro-enteritis*
From Liverpool, Kirby, Hall and Coackley (1950) confirmed 
the epidemiological findings o f others in respect of S. c o li  0111 BA. 
These authors extended previous observations, however, to include 
feeding experiments on adult volunteers. Cultures of E. c o li  
0111 BA were fed  to s ix  adults, three o f whom developed diarrhoea 
and abdominal discomfort. Neter and Shumway (1950) also reported 
at th is  time successful production o f g astro -en ter itis  in a two 
month old infant by causing i t  to ingest approximately one hundred 
m illion  viable organisms o f  type 0111 BA* I t  is  obvious that such 
an experiment is  not practicable on a large scale but Smith,
Galloway and Speirs (1950) suggested that the c lo se st  approximation
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to crucial feeding experiments on infants was the study of the 
e ffe c ts  o f cross infection by strains of E. c o l i ,  3n a series  
reported by these workers i t  was shown that cross infection with 
E. c o li  055 B5 d e fin ite ly  prolonged i l ln e s s ,  as judged by duration 
of stay in hosp ita l.
Smith e$ a l, (1950) also tested  for 0 and H agglutinins in 
two serum samples from each of twenty-nine infants harbouring 
E. c o li  055 B5 H6. The f i r s t  sample was obtained on admission to 
hospital and the second during convalescence some fifte e n  to 
twenty-five days la te r . In eight of the twenty-nine cases, 
agglutinins to the 055 or H6 antigens were demonstrated in the 
convalescent specimen. The increase in t it r e s  obtained between 
admission and convalescent specimens was so sm all, however, that no 
d efin ite  aetio lo g ica l relationship o f E. c o l i  055 B5 to gastro­
e n te r it is  could be proved by th is means.
Thus, by 1950, attempts to assign a d efin ite  a e tio lo g ica l
role to sp e c ific  E. c o l i  sero-types had been made along certain w ell 
recognised l in e s ,  v iz . ,
1 . By iso la tion  of sp ec ific  sero log ica l types of E. c o li
from high proportions of cases of nosocomial 
epidemic in fa n tile  g astro -en ter itis  with c lin ic a l  
and b acterio log ica l evidence o f case to case spread.
2. By feeding experiments on human volunteers.
3 . By investigating  c lin ic a l responses of patients to
treatment with an tib io tics e ffectiv e  against E. c o l i .
4.. By investigating sero log ica l responses in affected  
individuals.
5. By feeding experiments on laboratory animals.
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Most o f the research work on the subject subsequent to 1950 
.has continued to follow  one or more of these l in e s . From an 
epidemiological point of view additional evidence has been forth­
coming in the work of Rogers (1951) who demonstrated spread of 
sp e c if ic  sero lo g ica l types o f E, c o l i  by a r tic le s  in common use in 
paediatric wards, and by a ir , dust and nursing manipulations,
Rogers and Koegler (1951) have traced, b acterio log ica lly  and. 
c lin ic a lly , case to case spread from one in stitu tio n  to another. 
From Glasgow, further epidemiological work im plicating serotypes 
0111 B4 and 055 ^5 in cases of g astro -en ter itis  was reported by 
Ross (1952) and by Shanks and Studzinski (1952), The work of 
Kaufftaann and Dupont (1950) had. indicated that strains of E. c o li  
0111 B4 and 055 B5 could be subtyped an tigen ica lly  by investigation  
of f la g e lla r  antigens. Epidemiological sindies on this basis were 
recorded in 1953 by Smith, for strains o f 0111 B4. and 055 B5, and 
by Wright and Roden for strains o f O55 B5. French workers 
had previously shown the p o ss ib ility  of applying phage typing 
methods to investigating  epidemic strains o f E, c o l i  (N icolle e t  
a l . . 1952). In 1954, in Brighton Childrenfs Hospital Jameson e t  
al* recorded a lengthy experiment in a 2S~cot non-cubicled 
children’s ward, E. c o l i  0111 B4. or E. c o l i  O55 B5 were isolated  
from seventy-four of seventy-seven cases of g astro -en ter itis  
occurring in the ward, E. c o l i  055 B5 was shown to  be se r ia lly  
transmitted from one admission to one hundred and thirty-seven  
other patients over a period o f seventeen months. S ixty-eigh t of
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these patients developed symptoms of gastro -en ter itis  and thirteen  
died. By reducing the number of cots in the ward from twenty-eight 
to twenty, by adoption of a r ig id  barrier nursing technique, 
pasteurisation of a l l  feeds and careful v ettin g  of admissions, in 
particular the exclusion from the ward o f any child  known to have 
had a previous attack o f g a stro -en ter itis , nosocomial diarrhoea 
was eliminated for a period of sixteen months, Anderson, Grockatt 
and Ross (1954-) studied the epidemiology of in fa n tile  gastro­
e n te r it is  in three separate wards in two of Glasgow's infectious  
diseases hosp ita ls. They found, that despite variations in nursing 
e ffic ien cy  sim ilar cross in fection  rates for sp e c ific  sero log ica l 
types o f E, c o li  were obtained for each ward. Of one hundred and 
thirteen cross infections with strains o f E. c o l i . seventy-six  
(675) were associated with symptoms o f varying severity  and fiv e  
babies died. I t  was shown by these workers that cross in fection  
rates were d irectly  affected  by the number o f E, c o li  p ositive  cases 
admitted to a ward, by the number o f babies a t r isk  in a ward, and 
by the duration of stay  in hosp ita l.
In a report of a fiv e  year investigation  of in fan tile  gastro­
e n te r it is  carried out by Hutchinson (1957) in Southamptom the sero­
types 055 B5 and 0111 B4- were found to be more frequently iso la ted  
from infants in epidemic than in non-epidemic periods. Though many 
cases were found to harbour these serotypes, symptomless carriers 
did occur frequently and in a l l  age groups. I t  was suggested that 
carriers in infancy and childhood might be responsible for
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maintaining a low-grade type of infection in a community. The 
pattern o f the outbreaks encountered by Hutchinson suggested a 
gradual enhancement o f virulence o f B- c o l i  0111 B4 and 055 B5 
with lo ca l spread, at f i r s t  followed by wide dispersal throughout 
the d is tr ic t  and then gradual reversion to a le s s  invasive type 
o f illn ess*
With regard to feeding experiments in adult volunteers,
two large investigations have been reported since 1950. Ferguson
and Jime (1952) fed a mixture o f three strains of E. c o li  0111 B4
obtained from diarrhoeal infants to fo r ty -s ix  healthy young adult
male volunteers* The organisms were incorporated in milk in
6 Anumbers varying from 9,000 x 10 to 7 x 10° per feed. Those 
volunteers receiving high dosage o f organisms developed diarrhoea, 
anorexia and other toxic symptoms whereas symptoms 'bended to be 
mild or absent when dosage o f organisms was r e la t iv e ly  small. 
Forty-five controls who w ere fed milk only developed no symptoms. 
Most o f the volunteers in the t e s t  group had. 0 agglutinins to 
E. c o li  0111 B4 demonstrable in post-feeding specimens. A further
f
control experiment in which twelve volunteers were fed. 9,C00 x 1C 
organisms o f a ’’normal” strain  o f E. c o li  produced no symptoms and 
no serum agglutinin responses. A second experiment on the same 
lin e s  using a mixture o f three strains o f E. c o l i  055 B5 was 
recorded by June, Ferguson and Worfel (1953)* Similar resu lts  
were obtained though the symptom complex developed from ingestion  
° f  E. c o li  055 B5 was found to be milder than that obtained with
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0111 B4o
A few o f the volunteers in these feeding experiments 
became symptomless carriers o f one or other strain  o f E. c o l i . 
Stevenson (1950, 1952) and McNaught and Stevenson (1953), however, 
have shown that strains o f B. c o li  0111 B4, 055 B5 and 026 B6 do 
from time to time occur in association  with diarrhoea in adults, 
frequently in those d eb ilita ted  by other disease or old age.
While the greater part o f the researches cited has dealt 
with the occurrence o f  serotypes 0111 B4 and 055 B5 in epidemics 
o f in fa n tile  gastro -en ter itis  in Britain , reports along sim ilar  
lin es  regarding one or other o f these types have been received  
from Holland (Beeuwkes e t  a l . , 1949), Sweden (Magnusson e t  a l . , 
1950), Denmark (Kauffman and Dupont, 1950), U.S.A. (Neter and 
Shumway, 1950, Modica e t  a l . , 1952), Palestine (Drimmer-Herrnheiser 
and O litzk i, 1951), Germany (Braun and Henckel, 1952), Canada 
(Alirnanestianu-Butas e t  a l . « 1953), France (Buttiaux e t  a l . « 1951), 
Ireland (Holland, 1951), Japan (Hiroki, 1951) and Hungary (Rauss 
and Ujvary, 1953).
With regard to other experimental aspects dealing with 
serum agglutinin responses to coliform stra in s , the therapeutic 
e ffe c ts  o f an tib io tics and experiments on laboratory animals, i t  is 
proposed to refer to published work on these subjects in Chapters 4 , 
5 and 6 respectively .
Although most attention  has been paid to the serotypes 
0111 B4 and 055 B5 several other types have been isolated from
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sporadic cases and epidemics o f in fan tile  g a stro -en ter itis .
Orskov (1951) investigated strains of E. c o l i  026 B6 received at 
the State Serum In stitu te , Copenhagen. Several, o f  these strains  
had been iso la ted  from cases o f in fan tile  diarrhoea in England and 
Finland, and Orskov suggested that type 026 B6 might have a relation­
ship to g astro -en ter itis  sim ilar to that o f types 0111 and 055, In 
1953, Smith recorded the iso la tio n  of 026 B6 from twelve cases of 
in fa n tile  gastro-en ter itis  o f  unspecified severity  and from two 
carriers. McNaught and Stevenson (1953) noted the occurrence of 
th is type in the stoo ls o f e igh t adults, seven o f whom had. diarrhoea. 
In the investigation  o f Anderson, Grockatt and Ross (1953) already 
referred to , f iv e  of nine infants harbouring E. c o l i  026 B6 had 
mild gastro -in testin a l symptoms* The organism was also iso la ted  
from thirteen babies in a resid en tia l nursery by McDonald and 
Charter (1956), but a l l  cases remained symptomless.
In 1952, Taylor and Charter described outbreaks of infant­
i le  g astro -en ter itis  associated with E. c o li  type canioni. now 
designated 0125 B15. McDonald and Charter (1956) also reported 
the occurrence o f E. c o l i  0125 B15 in a small number o f in s t itu t­
ional g astro -en ter itis  cases. The organism was found by McNaught 
(1956) in the stoo ls o f s ix ty  infants in the paediatric wards o f a 
Glasgow H ospital. Twenty o f these infants had diarrhoea but the 
c lin ic a l e ffe c ts  associated with E. c o li  0125 B15 appeared to be 
much le s s  severe than those associated with E. c o li  0111 B4 and 
055 B5.
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A further sero log ica l type, v iz . ,  0126 3316, was investigated  
by Charter and Taylor (1952). This type was iso la ted  from only a 
small number o f infants and associated diarrhoeal symptoms were of 
a mild nature. Similar findings with th is organism were referred  
to  by McN aught (1956). McDonald and Charter (1956) also noted the 
occurrence o f  E;. c o li  0126 1316 in the stoo ls o f thirteen infants, 
none o f whom, however, had diarrhoeal symptoms.
Smith (1953) extending observations on the epidemiology of 
in fan tile  g astro -en ter itis  in Aberdeen iso la ted  E. c o li  0119 El/,, 
from eleven cases o f gastro-en ter itis  and from ten of twenty-five 
contacts o f these cases. No further published evidence on the 
c lin ic a l e f fe c ts  o f th is  organism is  available to date.
E. c o l i  086 B7, f i r s t  designated by Taylor and Charter 
(1952) as type E990 has been associated from time to time with cases 
o f  in fa n tile  gastro-en ter itis  in England, Germany'-, Austria, Norway 
and Denmark (Orskov, 1954a). Braun and Reseman (1952) stated that 
th is  serotype behaved lik e  0111 B4 and O55 B5 in epidemics o f the 
disease. These workers were also able to reproduce severe gastro­
e n te r it is  in adults by feeding with cultures o f E. c o li  086 B7.
In a survey carried out in Palermo during 194-9, Cefalu and 
Brancato (1953) found E. c o l i  0 group 25 to be frequently associated  
with cases o f  g a stro -en ter itis . Orskov (1954b)also refers to the 
iso la tio n  of th is serotype from cases occurring in Rostock.
The occurrence o f E. c o l i  0127 B8 in an epidemic of  
in fa n tile  gastro-en ter itis  in Cincinnati, U.S.A., has been described
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by Cooper e t  a l. (1955)* Forty-three o f the forty-four patients 
whose recta l swabs were p o s it iv e , had diarrhoea. Four affected  
infants died*
Two further types o f  E. c o l i . namely, 0128 B12 and 0114, 
have recen tly  been described. Taylor and Charter (1955a) and 
Rogers e t  a^. (1955) noted the occurrence o f small epidemics and 
sporadic cases o f gastro -en ter itis  in England and in Scotland 
associated with the former organism. E. c o l i  Oil/,, is  held by 
Rogers and Cracknell (1956) to have accounted for small epidemics 
o f the disease in the Birmingham area over several years. The type 
o f i l ln e s s  and pattern o f i t s  spread in hosp ital are regarded by 
these workers as being sim ilar to those associated, with other more 
generally recognised -types o f E. c o l i .
In summation, the litera tu re  reviewed indicates that the 
greater part o f the d efin itiv e  work on the role o f Escherichia, 
c o l i  in epidemic in fan tile  g astro -en ter itis  has concerned the sero­
types 0111 B4. and 055 B5. Strong evidence e x is ts  for regarding 
these types as a etio lo g ica l agents o f the d isease. Later work has 
shown that stra ins other than 0111 B4- and 055 B5 have been associated  
with cases and epidemics o f the disease in d ifferen t parts of the 
world, though th eir  pathogenic significance is  not so w ell 
established#
CHAPTER 2 
BACTERIOLOGY OF ESCHERICHIA STRAINS
I . THE ISOLATION AND IDENTIFICATION OF E. COLI SEROTYPES.
II . METHODS FOR PRODUCING FLAGELLATED FORMS OF E. COLI
I II . SELECTIVE ISOLATION OF SPECIFIC E. COLI SEROTYPES
FROM FAECES.
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I . THE ISOLATION AND IDENTIFICATION OF 
E. COLI SEROTYPES
In October, 1951> three serological types o f B. c o l i .  v i z , , 
0111 B4., 055 B5 and 026 B6, were known to be associated with cases 
and epidemics o f  in fan tile  g a stro -en ter itis , In March, 1952,
Dr* Joan Taylor, in  a personal communication, suggested that three 
further types, o f undetermined pathogenicity, be investigated*
These were the serotypes 0125 B15, 0126 B16 and 086 B7 (types 
Canioni, 3611 and E990 o f Taylor and Charter, 1952), In a survey 
carried out in S tob h ill General H ospital, Glasgow, from October, 
1951 > to March, 1954-* the occurrence and c lin ic a l e ffec ts  o f these 
s ix  sero log ica l types o f E. c o l i  vere noted* The present section  
deals with the iso la tio n  and id en tifica tio n  o f S. c o l i  strains in  
the survey.
The id en tifica tio n  of sp e c if ic  types o f B* c o li  in faecal 
cultures is  largely  based on a knowledge o f the antigenic structure 
o f  these organisms. An account of the sero log ica l characteristics  
o f Escherichia strains i s ,  t ie  re fore, relevant.
Sero logica l characteristics o f the Escherichia Group:
The sero log ica l c la ss if ic a t io n  of the Escherichia group is  
based on the id en tifica tio n  of somatic, surface and fla g e lla r  
antigens, (0 , K and H antigens). A f u l l  description of these 
antigens is  given by Kaufflnann (19/47). Their characteristics may
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be summarised thuss-
The somatic or !0 f antigens o f E. co^l are thermostable, 
re s is t in g  moist heat a t 100°C. They are not destroyed by alcohol,. 
Chemically they are mainly carbohydrates.
The term !K* antigen as applied to E. c o l l  covers a group o f 
surface or capsular antigens designated L, A or B« Strains possess­
ing L or B antigens are generally non-eapsulated, whereas strains  
with A antigens possess capsules. The e f fe c t  o f these antigens is  
to render liv in g  organisms inagglutinable by their homologous 0 
antisera.
The L, A and B surface antigens d iffer  from one another in 
their heat resistan ce, in their e f fe c t  on 0 agg lu tin ab ility  and in 
their agglutinin-binding capacity.
L antigens are thermolabile surface antigens which inh ib it 0 
agg lu tin ab ility  o f the liv in g  organism. This 0 in agglu tin ab ility  
is  destroyed by heating the bacteria a t  100°C. for 1 hour. The 
agglutinin-binding capacity o f the L antigen is  also destroyed a t  
th is  temperature.
A antigens are thermostable capsular antigens which also render 
organisms 0 inagglutinable0 A antigens are destroyed by a tempera- 
ture o f 120°C. for 1 hour. The agglutinin-binding capacity i s ,  
however, thermostable.
B antigens are thermolabile surface antigens again giving r ise  
to 0 in agg lu tin ab ility . This capacity to interfere with 0 
agglutination is  destroyed by moist heat a t 100°C„, but the
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agglutinin-binding property o f B antigen is thermostable. The 
great majority o f the strains o f B. c o l i . which have been associated  
with g a stro -en ter itis , possess the B type o f surface antigen.
Not a l l  sero log ica l types o f E. c o li  are m otile. F lagellar  
antigens are present in motile stra in s. Many organisms on f ir s t  
iso la tio n  appear to be non-motile and H antigens are poorly developed. 
The H antigens o f B. c o li  are monophasic.
The preparation and use o f an tisera:
The preparation o f 0 , B and H antisera in the present 
investigation  followed clo se ly  the methods described by Kaufflnann 
(1954) and. Charter and Taylor (1952). In practice i t  was found 
unnecessary to prepare separate 0 and OB antisera for individual 
strains* OB antisera su fficed , the 0 and B antigens being demon­
strable in s in g le  antisera by testin g  boiled and liv e  cultures 
respectively . This has also been the experience o f Taylor (1955j 
personal communication) and is  evident from resu lts recorded by 
Charter and Taylor (1952)*
Preparation of OB antisera:
Stock cultures o f B. c o l i  serotypes 0111 BJ+, O55 B5 , 026 B6 , 
0125 B15, 0126 B16 and 086 B7 were kindly supplied by Dr. Joan 
Taylor©
For the preparation o f OB antisera each stock stra in  was 
inoculated on to a dried plate o f 2# nutrient agar containing 0. 1# 
glucose and incubated for 18 hours a t 37°C. The growth was washed
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o ff  with 0*85  ^ sa lin e and the suspension of organisms adjusted to
£
an opacity o f  1000 x 10 per ml* Immediately following preparation, 
the suspension o f liv e  organisms was injected intravenously into an 
adult rabbit (weight approximately 2 k g .). The in i t ia l  dose 
employed was 0.25 nil. followed a t 3 to 5 day intervals by 0.5 m l., 
1.0 ml*, 1.5 ml. and 2 m l., giving a to ta l o f 5 in jection s. One 
week a fter  the f in a l in jection  the animal was t e s t  bled from an ear 
vein . I f  the serum gave sa tisfa cto ry  t itr e s  o f the 0 and B antigens 
the animal was bled out on the following day. I f  not, a further
in jection  o f 2.0 ml. of suspension was given. The minimum t itr e s
accepted were B : 1 in J^ 00 and 0 : 1 in  3 >200. Titres of antisera
prepared during the survey ranged from 1 in /fiO to 1 in 1600 for the
B antigen and from 1 in 3>200 to 1 in 12,800 for the 0 antigen.
In t itr a t io n  o f antisera for demonstration o f B antibodies, 
a suspension of liv in g  organisms in N /l saline was obtained as
outlined in the preparation of 0B antiserum. The opacity was
adjusted to that o f an 18 hour broth culture. 0.25 ml. s e r ia l
dilutions of 0B antiserum were made in 3 ” x round bottomed te s t
tubes. 0.25 ml. amounts o f l iv e  suspension were added so that the 
f in a l volume in each tube was 0 .5  ml. The d ilu tions ranged 
usually from l/5 0  to I / 64.OO in geometric ser ie s . The tubes were 
incubated in a water bath for 2 hours a t > l e f t  a t bench
temperature overnight, then examined using an X3 hand len s. 
Agglutinated p artic les were large white floccu les and the suspending 
sa lin e clear.
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A sim ilar procedure was adopted for demonstration of 0 
antibodies in serum. In th is case the bacterial suspension was 
boiled in a water bath for Ig- to 2 hours, the serum dilutions  
ranged from 1/200 to 1/ 25600, and incubation was carried, out at  
50°G. for 20 hours. The agglutinated p artic les were f in e ly  
granular in appearance.
Preparation o f H antisera:
H antisera were prepared from motile strains o f 12. c o l l . 
Antisera were made to H antigens 2, 6 , 7, 11, 12, 13, 19 and 34-. 
Stock strains o f  E. c o li possessing these antigens were again 
supplied by Dr. Joan Taylor.
A h igh ly  motile 18 hour broth culture of each stock strain
was obtained, as described in Section II  of this chapter. The
6culture was standardised, to an opacity o f 1000 x 10 organisms 
per ml. and commercial formalin added to a f in a l concentration of 
0 .2 5%* This formalised culture was used as an inoculum for 
intravenous in jection  of rabbits and preparation of the H antiserun 
proceeded as for 0B antiserum. Titration of the H antiserum 
was performed against the inoculum by incubating a t 50°G. for 
2 hours. The minimum titr e  accepted was 1 in 12, 800. Titres 
obtained varied from 1 in 12,800 to 1 in  102,4-00. The agglutin­
ation pattern was typ ica lly  large, f lu f fy  and. dispersable on 
shaking.
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I so lation o f E^  o o li from faecal specimens:
During the present in vestigation , the method of iso la tin g  
coliform organisms from faecal specimens and recta l swabs was 
sim ilar to that employed by Charter and Taylor (1952) and now 
generally adopted as standard.
Charter and Taylor used three culture media in their
in vestigation s, v iz . ,  5$ horse blood agar, MacConkey agar and
Desoxycholate-citrate agar* The former two were for the iso la tion
o f E. c o l i  and the la tte r  for demonstration of Salmonella and
Shigella  types. P ilo t  experiments in the present series showed
that blood agar had no advantages over MacConkey in the iso la tion
of coliform organisms provided that incubation was continued for
24 hours or le s s .  Beyond th is period rough variants tended to
develop on MacConkey plates much more readily than on blood agar
medium. Moreover, as adults and older children were included in
the present survey i t  was found that many o f the blood agar plates
from such patients were overgrown with Proteus strains and quite
unsuitable for coliform -typing. Accordingly, i t  was decided to omit
the blood agar p la tes , but ensure that MacConkey p lates were examined
a fter  18 hours* incubation. The procedure f in a lly  adopted was that
a l l  recta l swabs and faecal specimens were inoculated d irectly  on to
MacConkey, Desoxycholate-citrate and Difco S .3 . agar p la tes . In
addition a Selen ite-F  enrichment broth was also used. Sub-cultures
from the Selen ite-F  broth were made to MacConkey p lates a fter 18 
hours * incubation. Hi is  system covered the iso la tio n  of J5Q.1I and
-  25
members o f the Salmonella and Sh igella  groups.
The further typing o f E. col i  strains from MacConkey 
medium was accomplished by testin g  five separate lactose-fermenting  
colonies and the inoculation ’•well” by s lid e  agglutination using a 
pooled OB antiserum. This antiserum covered the s ix  strains under 
investigation . The organisms were em ulsified in a drop of saline  
on a glass s lid e  and a loopful of undiluted pooled antiserum was 
added. In p ositive  cases agglutination was prompt, the agglutinated  
p artic les usually  large and curd-like and the suspending flu id  clear. 
Varying degrees o f non-specific agglutinations were frequently met
with. In these cases the agglutination was longer in appearing,
the p artic les  were usually  fine and the suspending flu id  opaque. 
Moreover, a l l  colonies showing any degree o f agglutination were s lid e  
tested  by the same method using a 1 in 500 watery solution  of acr i-  
flavine instead o f antiserum. The serotypes under investigation  did
not agglutinate in acriflav in e, whereas many o f the organisms showing
doubtful agglutination were clumped by the acr ifla v in e , indicating  
commencing rough variation (Pampana, 1933).
Colonies showing agglutination with pooled antiserum were 
re-tested  using OB antisera prepared against the individual strains  
under investigation . S lide agglutinations were again performed, 
th is  time with the individual antisera a t a d ilu tion  o f 1 in 3 iu  
order to cut down the incidence o f nort-specific agglutination.
Strains were provisionally  typed on the resu lt of the slid e  
agglutination and a report was issued to the ward.
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These resu lts  were confirmed by se ttin g  up tube agglutin­
ations with OB antiserum using liv e  and boiled  cultures o f the 
organism as antigens for the B and. 0 agglutinations respectively*
The technique i s  identica l to that already described in the 
t itr a tio n  o f these antisera*
For H antigen determination, a representative colony of the 
stra in  under t e s t  was subcultured to induce m o tility , in the way 
described in Section II o f th is chapter* Mien sa tis fa c to r ily  
motile cultures were obtained they were formolised and tested, against 
the relevant H antisera, as already detailed  for the t itra tio n  of 
H antisera*
B iochemical Inves tig a tio n s:
Mien a sero log ica lly  typeable strain  o f E. c o li  was iso la ted  
from any patien t for the f ir s t  time, one colony representative of 
that strain  was retained for investigation  of i t s  biochemical 
characteristics* Fermentation reactions on the following substances 
were noted:-
Glucose, la c to se , mannite, sucrose, maltose, d u lc ite , 
so rb ito l, s a lic in , adonitol, in o s ito l, arabinose and 
xylose.
The medium for fermentation te s ts  consisted, of peptone water to 
which fermentable substance was added to a concentration o f 1% ( 0. 5$ 
in  case o f d u lc ite ) . 1$ Andrade’s indicator was incorporated to
d etect acid change. The te sts  were incubated, a t 37°C. and were
examined, da ily  for a period of 30 days.
Additional t e s t s ,  v i z . ,  Indole, and urease production,
-  27 -
c itrate  u t il is a t io n , liquefaction  of gelatin , Voges-Proskauer and 
Methyl Red reactions, were performed by orthodox methods described 
by Mackie and McCartney (1953)*
RESULTS;
During the period October, 1951, to March, 1954, in clu sive, 
specimens o f faeces or recta l swabs from a to ta l o f  5>113 patients 
were examined b acterio log ica lly . Three hundred and one patients 
were found to be harbouring one or other o f the E. c o l i  strains  
under in vestigation .
In each o f  these patients the strain  was examined in d eta il  
on only the f i r s t  occasion o f i t s  iso la tio n . The strains retained  
for d eta iled  sero log ica l and biochemical investigations are l is t e d  
in  Table 1.
Table 1
Strains o f E. c o l i  investigated
Type 0111 055 026 0125 0126 086 Total
No. of strains  
investigated
.................. -  -  J
158 42 26 60 15 0 301
Characteristics o f Escherichia strains iso la ted ;
A ll three hundred and one strains examined were gram-negative, 
aerobic, non-sporing b a c i l l i  which grew w ell on 2% nutrient agar a t  
37°C., and a t room temperature.
Biochemi cal Reactions:
The organisms had the following biochemical reactions,
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standard for the Escherichia group (Kauffmann, 1954). Except 
where otherwise indicated, acid and gas were produced within 24 hours 
in  glucose, la c to se , mannite, arabinose and xylose* Fermentation 
of other carbohydrates was variable* A ll strains produced indole, 
did not s p l i t  urea, did not liq u efy  ge la tin , did not produce HpS, 
gave negative Voges-Proskauer and p ositive Methyl Red reactions* 
Citrate u t i l is a t io n  by some strains was noted*
PHI B4:
D etails o f  biochemical and. sero log ica l findings in respect 
of the one hundred and f if ty -e ig h t  strains o f  B* c o l i  0111 B4 are 
given in Table 2.
I t  w il l  be seen that three serological types o f E. c o li  
0111 R4 were iso la ted  during the survey* Types 1 and 2 could not 
be d ifferen tia ted  with accuracy on grounds o f biochemical behaviour 
but Type 3 had. a biochemical pattern quite d is t in c t  from the other 
types* Table 2 shows that a l l  strains o f Type 3 fa iled  to ferment 
sucrose, were la te  fermenters o f maltose and rhamnose and did not 
produce gas from the la tte r  substance. These findings are in 
general agreement with those o f Kaufftaann and Dupont (1950) though 
no indication was given by these workers as to gas production in  
substances other than mannite and sucrose* I t  was not p ossib le , 
therefore, to compare the present findings in respect o f rhamnose 
with those o f  Kaufftoann and Dupont. Further, in  the case of sucrose, 
i t  was not uncommon to find that fermentation of th is  substance by
-  29 -
Biochemical behaviour o f representative strains r>f 
S. c o l i  0111 BA> with corresponding sero log ica l findings
Fermentation Types |
1 2
3
Sucrose ♦ x - 3
1H+
L .. 
. ...
Dulcite
+ 
1 i
TO 
I 
1 
1
v»
l ! I I
__
__
1
2 - 6
+
3 - 8
+
A -  6
S a lic in 3 - 1 1
+ 3 - 5+
3 - 1 0
*■
+
Rhamnose
Sorbitol
+
~ 7  -  5 —  
+
—
+
Maltose
+ 3+
Adonitol
In osito l
— — — .—
Production of 
indole Yes Yes Yes
U tilisa tio n  of 
citrate No No No
Antigens 0111 BA H2 0111 B4 H- 0111 BA H12
No* of strains 36 105
c—1
11____1
In th is  and subsequent tables on fermentation reactions -  
+ = acid and gas produced after 24- hours* incubation,
2 - 5  = acid and gas produced after 2 to 5 days1 incubation,
+
3 -  10 = acid but no gas produced after 3 to 10 days1 
* incubation.
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Types 1 and 2 was delayed t i l l  the third day o f incubation* 
Fermentation of d u lc ite , sa lic in  and sorb ito l was often delayed for 
periods longer than those indicated by Kaufftaann and Dupont* I t  is  
noteworthy that a l l  Type 2 strains iso lated  in the survey produced 
indole* Ka.uffta.ann and Dupont have iso lated  strains o f 0111 B4 H- 
which fa iled  to do so* The close sim ilarity  o f fermentation 
patterns of Types 1 and 2 is  evident* I t  is  conceded, however, 
that owing to great d iff ic u lty  experienced in obtaining motile 
cultures o f  stra ins with these fermentation patterns, some strains 
c la ss if ie d  as Type 2, i . e . ,  0111 B1+ H-, may, in fa c t, have been of 
iype 1 , i .e * , 0111 B H 2 ,  having fa iled  to show evidence of m otility  
by my methods (see Section II of th is chapter).
From time to time during the survey, one or other o f the 
three sero log ica l types was found to predominate in the hospital. 
Table 3 summarises the findings for winter and summer periods.
Table 3
Occurrence o f  E* c o li  0111 BA sub-types in S tob h ill General
Hospital
Period
-
Type o f Wards
No. o f patients positive for 
0111 BA
Type 1 Type 2 Type 31
October, 1951 - Paediatric 3A___ I -32 0
March, 1952 Adult General 0 0 0
April -  Sept­ Paediatric 2___ ___ 3Q . 1
ember, 1952 Adult General 0 0 7
October, 1952 - Paediatric 0 ' 28 0"
March, 1953 Adult General 0 0 0
April -  Sept­
ember, 1953
Paediatric 0 J L t _  1  J
Adult General 0 0 0
October, 1953 -  
March, 195A
Paediatric 0 .12.- .  I
Adult General 0 0 0
Totals 36 105
l> 
1i
Thus, during the winter months o f 1951-1952 the motile Type 1 
strain  o f 0111 B4 was iso lated  from 34 p atien ts , while Type 2 
occurred in 32. After March, 1952, however, only two patients 
were found excreting Type 1. Strains o f Type 2 now predominated, 
and, except during the summer o f 1953, continued to do so . Type 3 
was f ir s t  encountered during la te  May and early  June, 1952, and 
thereafter occurred only infrequently. The c lin ic a l e ffects  
associated with the various serotypes are described in Chapter 3 .
E. c o l i  055 B5:
Table 4 summaries the biochemical and sero log ica l findings 
in respect o f the forty-two strains o f S. c o li  O55 B5 subjected to 
detailed  examination.
Table L
Biochemical behaviour of representative strains o f c o li
m*mm— m m i ■ i m ir.ha— rns^am tm
055 35. with corresponding serological find ings
1 Fermentation Types
1 2
Sucrose + -
Dulcite
. ... . . .  -
+ 1 - 3 +
S alicin - + 2
Rhamnose + 4"
Sorbitol +
Maltose + 3 - 1 0 +
Adonitol - + 2
In osito l - + 2
Production of indole Yes Yes
U tilisa tio n  of c itrate No No
Antigens 055 B5 H6 055 35 H7
Number o f strains 39 3
Two sero log ica l types o f S. c o li  055 35 were encountered.
Type 1 , occurring in 39 patients was m otile, possessing antigen H6. 
The biochemical, pattern associated with th is serotype was fa ir ly  
uniform and corresponded c lo se ly  with that described by Kaufflnann 
and Dupont (1950) and "Wright and Villanueva (1953a.). Kaufflnann and 
Dupont noted that fermentation o f sorb ito l was variable but a l l  the 
strains iso la ted  in S tobh ill General Hospital fermented this 
substance promptly within 24 hours. Strains o f 055 35 H6 could be 
recognised readily  by their delayed fermentation of maltose. Acid 
and gas were produced by the majority o f strains a fter  approximately 
s ix  days* incubation*
Organisms o f biochemical Type 2 were m otile and possessed the 
H7 antigen. This type was iso lated  from only three patients during 
the period o f survey. The three strains examined were characterised 
by their a b il i ty  to ferment s a lic in , adonitol, and in o sito l after  
48 hours* incubation and by th eir  fa ilure to ferment sucrose.
Wright and Villanueva (1953a) noted that strains o f 055 35 H7 were 
la te  fermenters o f sucrose and adonitol and fa iled  to ferment 
sa lic in . No mention o f in o s ito l fermentation was made by these 
workers.
Table 5 shows that the stra in  055 35 H6 occurred mainly 
during the winters o f 1951-52 and 1953-54. Type 2 was iso la ted  
only in January and February, 1952, and did not estab lish  i t s e l f  in
the h osp ita l.
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Table 5
Occurrence o f  jk_sa3j. 055 B5 sub-types m  Stob h ill  General
Hospital
Period Type o f Wards
No. of patients positive for 
055 B5
Type 1 Type 2
October, 1951 -  
March, 1952 Paediatric 16+ 3
April -  Sept­
ember, 1952 Paediatric 2 0
October, 1952 -  
March, 1953
Paediatric ................ 7 . 0
Adult General 1 0
April -  Sept­
ember, 1953 Paediatric 2 0
October, 1953 -  
March, 1954 Paediatric 11
0
Totals 39
■ _1
fType 1 iso lated  from one adult employed 
in paediatric ward.
E. c o li  026 B6 :
The strains o f E. c o l i  026 B6 iso la ted  in th is  survey could 
be divided into -the three main biochemical types described by 
Orskov (1951), depending on th eir  a b ility  to produce gas in glucose 
and mannite and on their fermentation of dulcite and rhamnose.
The resu lts  are shown in Table 6.
Orskov (1951) noted s lig h t  delay in fermentation of sucrose 
hy h is aerogenic Types 1 and 2. A ll aerogenic strains from 
patients in th is h osp ita l, however, fermented sucrose promptly.
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Table 6
Biochemical behaviour of  representative s tr a ins o f  c o li  
026 B6, with corresponding serological findings
Fermentation Types
1 2 3
Glucose + +
Mannite + *
Sucrose + + $ 2 - 3
Dulcite + 1 - 3 - -
S a lic in - - -
Rhamnose - -
Sorbitol + +
Maltose +
Adonitol - - -
In osito l - - -
Production of indole Yes Yes Yes
U tilisa tio n  o f citrate No No No
Antigens 026 B6 H- 026 B6H11 026 B6 H-
Number o f Strains 7 15 U
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Table 7 records the occurrence o f strains o f E. c o li  
026 B6 during the survey.
Except during the winter o f 1953 eases arose from time to 
time either sporadically or in very small lo ca lised  epidemics such 
as that involving Type 3 . This type was iso la ted  from four 
patients in  a paediatric ward during early June, 1953* i t  was 
never encountered in the hosp ital before or a fter  that date.
Table 7
Occurrence o f §t..cpi i  0?^ B6 sub-types in S tob h ill  General
Hospital
Period Type o f Wards
Wo* of patients positive for 
026 B6
Type 1 Type 2 Type 3
October, 1951 -  
March, 1952
Paediatric 0 2 0
Adult General 2 1 0
April -  Sept­
ember, 1952
Paediatric 1 4 0
Adult General 1 5 0
October, 1952 -  
March, 1953
Paediatric 0 0 0
Adult General 0 0 0
April -  Sept­
ember, 1953
Paediatric 0 1 4
Adult General 0 0 0
October, 1953> -  
March, 1954-
Paediatric 3 0 0
Adult General 0 2 0
Totals 7 15 I 4
S» c o l i  012.5 B15:
A ll the s ix ty  representative strains o f E. c o li  0125 B15 
investigated were non—motile and. o f uniform serological type*
Biochemical, variations are shown in Table 8. These were
lim ited to minor variations in the fermentation of sa lic in  and 
rhamnose and, in one stra in , u t ilisa t io n  of c itr a te . Charter and 
Taylor (1952) have described three main fermentation types of 
0125 B15, one of which was motile and. was shown la te r  to possess 
H antigen 19 (Taylor and Charter, 1955b)# The biochemical reactions 
of the m ajority of non-mo t i l e  strains in th is investigation  corres­
ponded c lo se ly  to those o f one of Charter and Taylor's non-motile 
fermentation types#
Table 8
Biochemical behaviour of representative strains o f
0125 B15, with corresponding sero log ica l findings
Fermentation Types
I 1 2 3 4 5
Sucrose
! +
+ + + +
Dulcite +2-4 ,4 +4 +2
+3
S alic in -
: -
+ *
Rhamnose +2-5 *4
: - ....
+ -
Sorbitol + + ! + | + +
Maltose
T . ■ ■ ■
4" +......... +
+ +
Adonitol - - - J
In osito l - -  j -
Production o f indole Yes Yes Yes | Yes Yes
U tilisa tio n  of c itrate No No No | No ! Yes
Antigens 0125 
B15 H-
0125 
B15 H-
0125 j 
B15 H-
0125 | 
B15 H- |
0125 
B15 H-
Number o f strains 51 4 3 | 1 1 1
B. c o l i  0125 B15 was isolated  during each summer and winter 
period from March, 1952, to March, 1954. Of the s ix ty  cases found
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harbouring the organism, fourteen occurred during the summer, months 
o f 1952, twenty-nine during the winter o f 1952-53, twelve during 
the summer o f 1953 and five  during the winter o f 1953-54. The 
organism was iso la ted  from paediatric wards only*
E. c o l i  0126 Bl6:
The f if te e n  strains o f B. c o li  0126 Bl6 investigated were
o f uniform biochemical type sim ilar to that described by Charter
and Taylor (1952). A ll were motile and possessed H antigen 2*
The biochemical pattern of the strains o f 0126 Bl6 H2 iso lated  in
the survey is  shown in Table 9» These strains d iffered  from those
o f  Charter and Taylor mainly in their a b ility  to ferment sucrose
promptly* With most o f Charter and Taylor*s strains fermentation
o f sucrose was delayed t i l l  the third day of incubation*
Table 9
Biochemical..behaviour_o f .representative strains o f  
la -S Q li 0126 B16, with corresponding serological findings
Fermentation Type
Sucrose
Dulcite + 2 — 4
S a lic in + 4
Rhamnose +
Sorbitol
Maltose +
Adonitol -
Inosito l -
Production of indole Yes
U tilisa tio n  of c itra te No
Antigens 0126 B16 H2
Number o f strains 15 I
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This serotype was isolated  from patients in the hospital 
mainly during the summer months o f 1952 and 1953« The organism 
occurred both in paediatric and adult general wards* I t  did not, 
however, estab lish  i t s e l f  for any lengthy periods in these wards and 
i t s  occurrence was, therefore, sporadic rather than epidemic.
DISCUSSION:
The serological c la ss ifica tio n  of the Escherichia group by 
somatic, surface and fla g e lla r  antigens has enabled coliform  
organisms to be c la ss if ie d  accurately on an antigenic b asis . Felix  
(1952) has disputed the existence o f the surface or capsular anti­
gens, L, A and B, o f Kaufflnann. According to Felix  these antigens 
are heat la b ile  somatic antigens analogous to typhoid Vi antigen.
This is  an academic argument, however, which does not a ffe c t  routine 
typing methods or the epidemiological investigation  o f coliform  
stra in s in in fan tile  gastro -en ter itis .
Culture o f E. c o li  strains from sto o l samples or recta l swabs 
presents no d if f ic u lt ie s .  The search for sp ec ific  serological types 
o f  S . c o li  in faecal cultures and the accurate serological typing of 
E. c o l i  strains does, however, involve much painstaking and accurate 
preparatory work in the production o f potent antisera and patient, 
often  tedious, investigation  of culture p la tes . Although cases of 
in fa n tile  gastro-en ter itis  encountered in th is survey frequently 
yielded  profuse growths o f one or other E. c o l i  serotype  ^ in many 
s to o l samples from both acute cases and asymptomatic carriers typeable
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and untypeable strains o f E* c o li  were found present together.
Often in such cases p ositive  s lid e  agglutination of the sample 
taken from the inoculation tfw elln indicated the presence o f a 
sp e c if ic  serological type, individual colonies of which could only 
be demonstrated a fter prolonged search over the remainder o f the 
culture plate*
Non-specific agglutination o f colonies on s lid e  testin g  
presented d if f ic u lt ie s ,  esp ecia lly  in the early  stages o f the 
survey, though acriflavine testin g  did eliminate many such spuriously 
agglutinating stra in s . As experience was gained in interpreting  
s lid e  agglutination resu lts  i t  was found that strains could be typed 
in  th is  way with a high degree o f accuracy, though, of course, tube- 
agglutination te sts  were always carried out in confirmation. The 
serotype 0126 B16 was that most l ik e ly  to be mis-reported on the 
resu lts  o f s lid e  agglutination* I t  was found that antisera prepared 
to th is serotype tended to give p ositive  s lid e  agglutination readily  
during the screening o f primary faeces cultures* Many strains  
provisionally  reported as E. c o l i  0126 B16 fa iled  to give a positive  
acriflavine te s t  or a subsequently p ositive  tube-agglutination te s t .  
I t  was found that many organisms giving non-specific agglutinations 
did so only when s lid e  agglutinations were performed from media 
containing b i le - s a l t s ,  e .g . ,  Sodium taurocholate or Sodium desoxy- 
cholate* This applied not only to S. c o l i  0126 Bl6 antisera but 
also  to the other antisera used in  the survey, and was regarded as a 
serious disadvantage in the use o f MacConkey agar for the primary
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iso la tio n  of E. c o l i  te s t  strains from faeces. This problem and 
the measures taken to overcome i t  were more fu lly  investigated  
after-com pletion of the survey. Details o f th is work are given in 
Section III  o f th is chapter.
Study o f the biochemical reactions o f d ifferen t OB serotypes 
shows that, as other workers have found, d istin ctiv e  fermentation 
patterns often accompany antigenic variation in respect of flage llar  
antigens. An important exception is  present in the case of certain  
strains o f E. c o l i  0111 B4* Biochemically, Types 1 and 2 of th is  
organism are e s se n tia lly  sim ilar in a l l  respects, yet Type 1 is  non- 
mo t i l e  and Type 2 possesses H antigen 2. Type i* e . , E. c o li  
0111 B4 H12, can, however, be read ily  d ifferentiated  from the other 
two types on the basis of fermentation pattern. The same is true 
for the various H antigenic sub-types of B. c o l i  055 B5 and 026 B6. 
I t  is  often p o ssib le , therefore, to subtype provisionally  strains of 
E. c o li  on the basis o f biochemical patterns. Final c la ss ifica tio n  
must, however, depend on sero log ica l investigation  of motile forms.
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II . METHODS FOR PRODUCING FLAGELLATED FOBMS
OF E. COLI
The fla g e lla r  antigens o f strains o f B« c o li  iso la ted  in the 
survey could be readily  c la ss if ie d  sero lo g ica lly , provided highly  
m otile cultures were obtainable. I t  was, however, exceptional to 
find m otile forms on f ir s t  iso lation  and the production o f m otility  
was d if f ic u lt ,  tedious and sometimes unsuccessful* This is  a
common experience and has been commented on by Vahlne (1945), Hilton 
and Taylor (1951), Charter and Taylor (1952), Smith (1953), Wright 
and Villanueva (1953b)and Kauffmann (1954)* Vahlne (1945) induced 
m o tility  in h is cultures by inoculating them into one aim o f a U-tube 
containing 0.1% agar, incubating a t 37°C., and harvesting the growth 
when i t  had reached the surface in the second arm. Kauffmann (1954)
endorses th is method. The method, however, is  open to objection in
that incubation a t 37°C. does not always y ie ld  motile culturesj 
indeed, i t  has been exceptional in the present investigation to 
obtain motile cultures o f  B. c o li  by incubation a t 37°C. Also, for 
routine use and when large numbers o f  cultures are being dealt with, 
the U-tubes, by virtue o f their shape and in sta b ility , are unsatis­
factory to handle and store. Moreover, when incubation of a 
culture is  prolonged, as i s  frequently necessary, i t  is  d if f ic u lt  to 
be sure whether the harvested growth has progressed through the 
medium by induced m o tility  or whether i t  has reached the second arm
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by d irect extension between the surface o f the medium and the glass 
surface o f the U-tube, in which case no great stimulus to f la g e lla r  
formation is  to be expected. This objection is  also applicable to 
Craigie tubes when prolonged incubation is  required.
Hilton and Taylor (1951) found that by se r ia l passages of 
cultures through either sem i-solid agar or nutrient broth and 
incubating a t 22°C. h ighly motile cultures could be obtained. The 
period of passage necessary was three to four weeks in the case of  
semi-solid, agar and s lig h t ly  longer in broth* This technique was 
su ccessfu lly  employed by these authors with five strains o f E. c o li  
0111 B4*
Charter and Taylor (1952), using overnight broth cultures a t  
22°C. for preparation of H forms, investigated a large number o f  
coliform strains iso la ted  from cases o f gastro-enteritis in the 
London area. That their methods o f inducing m otility  were imperfect 
is  evident from their statement, v iz . ,  "It has not been possible to 
id en tify  the H antigen in a l l  strains owing to the d iff ic u lty  in  
obtaining fla g e lla ted  cultures."
Smith (1953) referred to the Charter and Taylor (1952) 
technique and confirmed that i t  was not successful in producing 
m o tility  in every case.
Three further modifications of the above methods were 
described by Wright and Villanueva (1953b) and used, with strains of  
E. c o l i  0111 B4 and 055 B5. Sem i-solid agar in Craigie tubes and 
in bijou—b o ttle s , and MacConkey agar also in bijou—b o ttle s , were
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compared for production of m otility . Incubation was carried out 
a t room temperature. Investigations showed that the MacConkey agar, 
inoculated with a stra igh t wire as a "stab” culture, induced sa tis ­
factory m o tility  when growth had advanced up the "stab" lin e  and over 
the free surface o f  the medium. This was the method of choice and 
so confident were the authors in i t s  e ffic ien cy  that u ltim ately, for 
H antigen determination, m o tilitie s  were not tested and growth was 
harvested d irectly  from the surface o f the medium by washing o ff  in 
0.25$ form al-saline.
Trial o f  MacConkey agar has fa iled  to confirm Wright and 
Villanuevafs experience. One of the d iff ic u lt ie s  arising in the use 
o f  the method has been determining when surface growth is  present, 
since the thin layer o f uniform growth can be very d if f ic u lt  to see 
in a b ijou -b ottle . In cases where v is ib le  growth occurred over the 
surface, addition o f N /l saline or nutrient broth, followed by micro­
scopic examination showed that m o tility  was not present in every case.
Having tested  out the above methods and experienced great 
d if f ic u lty  in producing motile forms, i t  was found that a modified 
Gard swarm—agar technique (Kaufflnann, 1951,) gave better resu lts than 
any other method.
MATERIALS AND METHODS:
0.2$ nutrient agar was poured into 4” p etr i plates and 
allowed to cool. The centre o f each plate was then l ig h t ly  
inoculated with a broth culture o f the organism under t e s t .  Incub­
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ation was carried out on the bench at room temperature (approximately 
20°C.) for up to 72 hours* Plates were examined daily*
After 2U hours * incubation growth was seen as a central 
circumscribed white patch* The development of m otility  was indicat­
ed by a fine film  o f growth seen as a greyish turbidity spreading 
from the central white area to cover a l l  or most of the surface of 
the plate* A subculture was made from the outer area of the growth 
in to nutrient broth which was again incubated at bench temperature 
for IS hours* The broth culture was examined m icroscopically and 
i f  over 80$ o f the organisms showed active m otility  commercial 
formalin was added to the broth to make a f in a l concentration of 
0.25$* The formolised culture was then used as antigen in tube 
agglutination te s ts  with H antisera, in order to determine the flagel­
lar  type o f the organism*
In many cases sa tisfactory  spread of growth did not take 
place within the f i r s t  72 hours* In such cases, and also where 
m o tility  was present in fewer than 80$ of organisms examined, sub­
cultures from the growing edge were made to a second 0.2$ swarm-agar 
p la te . The p late was then re-incubated for 72 hours and examined 
as before. I f  s t i l l  non-mo t i l e ,  or only sluggishly m otile, sub­
cultures were made for a third time and again incubated for up to 
72 hours. I t  was found that after a third subculture a l l  organisms 
showing any degree o f  m o tility  on ea r lier  cultures had become 
a ctiv e ly  motile and were satisfactory  for H antigen determination*
Any stra in  which fa iled  to show characteristic spread beyond the
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central area o f primary growth after subculturing three times was 
designated a non-mo t i l e  strain*
The method described was compared with Craigie tube and 
MacConkey stab culture methods for production o f motile forms of 
S. c o l l . Twelve strains o f B. c o l i  0111 B4 and twelve o f 055 B5 
were used as t e s t  organisms* Incubation was carried out a t bench 
temperature for a period of up to 72 hours* Growths from Gard 
p lates and Craigie tubes were then sub-cultured in nutrient broth 
for a further IS hours at room temperature and examined for m otility  
using a hollow-ground s lid e  and cover-slip* Growths from the surface 
of MacConkey stab cultures were suspended in nutrient broth, as 
described by Wright and Villanueva (1953b), and these suspensions were 
then examined for m otility*
RESULTS:
Table 10 summaries the resu lts obtained*
Table 10
Comparison of methods for inducing m o tility  in cultures o f
Method
No* of 
strains 
exam ire d
No# of strains 
showing 
m o tility
No* of strains 
remaining 
non-motile
Gard swarm-agar ) 
plate ) 15 9
I
Craigie tube J 24 17*
MacConkey stab ) 8 16
=**These strains fa ile d  to reach outer surface of medium after  
72 hours 1 incubation a t bench temperature.
#*These motile cultures also showed m o tility  by Gard swarm-agar
plate method#
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The resu lts  show that the Gard plate technique was more 
successfu l for production of m otility  than were the Craigie tube 
and MacConkey stab methods# In the strains examined neither o f  
the la t te r  methods induced m otility  which was not demonstrable by 
the Gard plate method#
DISCUSSION;
For successfu l demonstration of the H antigens o f B. c o li  i t  
is  important to obtain motile fla g e lla ted  cultures# Existing  
methods for producing motile forms of E# c o li  have been described 
and objections to these methods noted*
The Gard, p late method was adopted in this survey since i t  
appeared to be more e f f ic ie n t  in producing m o tility  than were other 
recognised methods# Evidence o f m o tility  was ea s ily  discernable by 
growth characteristics on the surface o f the Gard plate and th is  
enabled non-mo t i l e  strains to be readily  recognised without recourse 
to subculture in broth and subsequent microscopic examination# 
Moreover, by virtue o f the sim plicity  o f materials and procedures 
employed, the method le n t i t s e l f  to use in the routine investigation  
o f large numbers o f E. c o l i  strains#
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III# SELECTIVE isolation of specific e . coli 
SEROTYPES FROM FAECES
The iso la tio n  of B«_ c o li  serotypes from stoo l samples is  a 
crude and time-consuming procedure. The method used during the 
h osp ita l survey was on the orthodox lin es  already described in  
Section  I of th is chapter. This method was found to have two 
serious disadvantages.
1* S p ecific  sero log ica l types o f B. c o li  could not be 
d ifferen tia ted  by colonial appearances from other 
lactose fermenting organisms normally present in  
sto o l cu ltures. Isolation  of 'best types was, 
therefore, largely  a matter o f chance.
2. The occurrence of fa lse  positive agglutinations on 
slid e  testin g  o f MacConkey cultures led  to d i f f i ­
cu lty  in  interpreting resu lts , especia lly  during 
the ea r lier  part of the survey when experience was 
minimal. Preliminary investigation of th is  
phenomenon indicated that i t s  occurrence was often  
related to the presence of b ile  sa lts  in the 
culture medium.
These disadvantages illu stra te  the need for more e f f ic ie n t  
and se lec tiv e  methods o f iso la tion . One great d iff ic u lty  besetting  
a l l  e ffo r ts  to produce a se lective  medium for culture o f strains of  
E. c o l i  associated with gastro-enteritis is  that, to date, no 
completely sp e c if ic  cultural or biochemical differences have been 
shown to e x is t  between these strains and ’’normal" strains of co.li* 
Rappaport and Henig (1952) used the la te  or non-fermentation of 
so rb ito l as a means o f d ifferen tia tin g  strains o f B. c o li  0111 B4 
and 055 B5 from other coliform strains in primary plate cultures.
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Study o f sorb ito l fermentation by the. strains o f 5 . c o li  0111 B4, 
055 B5, 026 B6, 0125 EL5 and 0126 Bl6 iso la ted  in th is survey shows 
th at, for the most part, these strains fermented sorb ito l promptly 
within 24 hours• Moreover many strains o f Bnterobacteriaceae 
other than Escherichia types are known to ferment th is carbohydrate 
promptly (see Table l l ) , so that d ifferen tia tion  of E. c o l i  strains 
on the basis o f  sorb ito l fermentation is  not rea lly  o f much practi­
ca l value#
The resu lts o f biochemical investigations on organisms 
iso la ted  in the survey indicated that fermentation o f the glucoside 
s a lic in  by strains o f  E# c o li  0111 B4, 055 B5 , 026 B6, 0125 B15 or 
0126 B16 was eith er absent or delayed beyond the f ir s t  24 hours of 
incubation. Further, i t  is  evident from Smithfs summary of the 
biochemical patterns o f other strains of E. c o li associated with 
gastro -en ter itis  that, with the exception o f serotypes 0119 B14 and 
0128 B12, none o f these organisms ferments sa lic in  promptly (Smith, 
1955). Personal experience with recently isolated  strains o f  
0119 B14 or 0128 B12 has shown, however, that while these strains  
ferment sa lic in  they do not as a rule do so within the f ir s t  24 
hours o f incubation# I t  was, therefore, reasoned that incorpor­
ation  o f sa lic in  and an indicator in a culture medium would be 
h elp fu l in  d ifferen tia tin g  p o ten tia lly  enteropathogenic types of  
E. c o l i  from sa lic in  fermenting B# c o li  strains and also from other 
s a lic in  fermenting Enterobacteriaceae lia b le  to be met with in  
s to o l cultures (see Table 11)•
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Table 11
Sorbitol and sa lic in  fermentation reactions of  
(derived from I^ufflnann. 195/
Fermentation Reactions
Sorbitol S alicin
Escherichia + X
Salmonella + -
Arizona + -
Bethe sda-Balle rup + late or -
K lebsiella + +
Cloaca - +
Haffnia - X
Shigella X -
Proteus - + or x
Providencia - -
+ = fermentation
-  = no fermentation
x = fermentation variable.
In the preparation of the culture medium b ile  sa lts  were 
excluded for reasons already given. I t  was, therefore, necessary 
to take steps to prevent swarming o f Proteus strains and th is was 
accomplished by using agar in a concentration o f 6%. After tr ia l  
o f several formulae, the following one was found to give satisfactory
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and reproducible resu lts
Culture medium for primary iso la tion  o f iu-.JlQ.li serotypes
from faeces
Nutrient broth (as described by Mackie
and McCartney, 1953) 1,000 ml.
Sodium dihydrogen phosphate 1 gram.
Disodium hydrogen phosphate 1 gram.
S a lic in  10 grams.
Bromthymol blue solution 15 ml.
Powdered agar (Difco Ltd0) 60 grams.
B-mfeffa.oIL M ^e,s o p tio n
Brom thymol blue powder 
N/l0 Sodium hydroxide
D is t il le d  water to
Preparation o f medium:
The sodium and disodium phosphates are dissolved in 1,000 ml. 
o f nutrient broth* Vigorous shaking fa c ilita te s  solution . The 
pH of the solution  is  adjusted to 6.S using N/l0 hydrochloric acid. 
Powdered agar is  then added and dissolved by steaming a t 100°C. 
F iltra tio n  should not be necessary. At th is  stage the medium is  
b ottled  in 200 ml* amounts and s te r il is e d  by autoclaving for th irty  
minutes a t a pressure o f 15 lb ./s q . in .
For use, th is  basic medium is  melted. 2 grams o f sa lic in  
and 3 ml. o f the brom thymol blue solution are added to each 200 ml*
0.4 gram. 
6.4 ml* 
100 ml.
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amount and mixed w ell. The medium is  poured into 4" p etr i dishes, 
allowed to s e t ,  then thoroughly dried in an incubator.
The fin a l product is  s lig h t ly  opalescent and o f a bluish- 
green colour. Since the medium is  buffered, i t  can be stored a t  
room temperature for several days before use without any change of 
pH being evident.
For convenience of description the medium is  referred to as
S.B.A. (Salicin-Bromthymol Elue-Agar) Medium.%
Growth characteristics o f various species on S.B.A. medium:
S a lic in  fermenting organisms appear as bright yellow 
colonies; non-salicin  fermenters are blue. Strains o f E. c o li  
grow readily  on the medium and colonies reach maximum size  of 
approximately 3 mm. diameter after 18 to 24 hours1 incubation a t  
37°C. Colonies o f E. c o l i  are convex with raised opaque centres and 
wavy edges. The non-salicin-ferm enting strains o f E. c o li  cannot be 
distinguished from members of the Salmonella or Shigella  groups. 
Proteus strains may or may not ferment sa lic in . In general, Proteus 
colonies have a somewhat more mucoid appearance than those of E. _co li, 
though great experience would be required to distinguish non-salicin- 
fermenting Proteus strains from non-salicin-fermenting strains of 
E. c o l i  on grounds o f colonial appearances. K lebsiella strains a l l  
ferment s a lic in . K lebsiella  colonies are small and do not have the 
mucoid appearances so characteristic o f the species when grown on 
nutrient agar or MacConkey agar.
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Comparison of S.B.A. medium and MacConkey medium for the 
primary iso la tio n  of A^f^oli serotypes from stoo l cultures:
This investigation  was carried out in Ruchill Hospital, 
Glasgow, on faeces specimens and recta l swabs received from babies 
under eighteen months old . Each specimen was inoculated d irectly  
on to S.B.A. and MacConkey culture p la tes . Cultures were examined 
a fter  eighteen to twenty-four hours* incubation a t 37°C. Screening 
o f the rep licate cultures by s lid e  agglutination was carried out as 
already described (p. 2 5 ). For purposes o f the investigation two 
pooled antisera covering E. c o li  types 0111 B4,, 055 B5, 026 336,
086 B7, 0125 KL5, 0126 Bl6, 025, 0119 B14, 0127 B8 and 0128 B12 
were used. Serological examination of individual colonies was 
confined to those fermenting lactose in the case of MacConkey medium 
and to those fa ilin g  to ferment s a lic in  in the case of S.B.A. medium. 
Tube agglutination tests  were performed to confirm s lid e  agglutin­
ation  re su lts .
RESULTS:
Four hundred specimens o f faeces or recta l swabs were 
cultured in p a ra lle l on the two media. The resu lts were compared 
and are summarised in Table 12.
The resu lts  taken overall show that S.B.A. medium allowed 
73 (18.25/0 o f the 4,00 cultures to be discarded without recourse to 
s lid e  agglutination, on the grounds o f sa lic in  fermentation by a l l  
co lon ies. One hundred and eighty-two cultures (45*5%) contained 
salicin-ferm enting and non-salicin-fermenting colonies. S.B.A.
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Table 12
Comparison of growths obtained on MacConkey and. S.B.A 
media in 400
S.B »A. Culture 3lates
1 l l ■ ■ ftml
MacConkey Culture 
Plates
Number a l l  
sa lic in  
fermenters
Number a l l
non-saJLicin
fermenters
Number mixed 
sa lic in  fer­
menters and 
non-salicin  
fermenters
Totals
Number a l l  la cto se-  
fermenters 128 152 347
Number a l l  non­
lactose  fermenters 3 7 12
.
Number mixed lactose  
fermenters and non­
lactose  fermenters 4 14 23 41
Totals 73 145 182
[----"“I
Oo
medium was se le c tiv e  in these 182 instances to the extent that only
non-salicin-ferm enting colonies required serological screening* In 
the remaining 145 cultures (36*250> S.B.A, medium was not se lective  
in  any way since these cultures contained colonies, a l l  of which 
fa ile d  to ferment s a lic in .
With MacConkey medium, on the other hand, only 12 culture 
p lates (3$) could be discarded because o f non-fermentation of 
lactose  by a l l  co lon ies. In 41 others (1 0 0  selection  o f  lactose-  
fermenting from non—lactose fermenting colonies was possible* In 
the remaining 34-7 p la tes (8 7 0  which showed uniform fermentation of 
lactose  by el~1 co lon ies, se lection  of colonies for screening was a
-  54 -
matter o f  chance only. I t  is  noteworthy that o f the 347 corres­
ponding S.E.A. cu ltures, 67 did not require sero log ica l examination 
and in  another 152, s e le c tiv e  screening o f  colonies was p ossib le .
A to ta l o f  92 sp e c if ic  sero log ica l types of E. c o l i  were 
iso la ted  during the investigation . These are l is te d  in Table 13. 
T a b le d
Serological types o f E. c o l i  strains iso la ted
Serological
Type
0111
B4
—!------
055 I 026 
B5 J B6
0125 0126 
B15 * B16
0127
B8
0128
B12
0119 086 
B14 B7
No. o f
strains
iso la ted
9 34 14 25 j 0 1 4 2 | 3 
1
Total 92
Table 14 records the iso la tio n  o f sp ec if ic  serotypes obtained 
on each o f  the two culture media.
The serotypes being sought were iso lated  on S.E.A. medium in
f if t e e n  instances in which MacConkey medium gave negative resu lts . 
The converse was obtained in only one specimen.
Table 1Z.
The iso la tio n  o f sp ec ific  %.», c o l i  serotypes on 
S.B.A. and MacConkey Media
Total No. o f  
serotypes 
iso la ted
No. iso la ted  on 
both media
No. iso lated  on 
S.B.A. medium 
only
No. iso lated  on 
MacConkey 
medium only
92 76 15 1
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During the investigation  non-specific agglutination of 
organisms on s lid e  testin g  led to d if f ic u lt ie s  in only a few 
instances and adequate comparison o f the two media in th is respect 
was not p ossib le .
DISCUSSION:
I t  is  apparent from study o f  cu ltural and biochemical 
ch aracteristics o f  the B. c o l i  serotypes associated with gastro­
e n te r it is  that these types do not d iffe r  from many "normal” strains  
c o l i .  Consequently, production of a sa tisfactory  se lec tiv e  
medium for the iso la tio n  of p o ten tia lly  enteropathogenic strains  
has proved d if f ic u lt .  Comparison o f the salicin -contain ing S.E.A. 
medium with standard MacConkey medium in the present investigation  
showed that, while S.E.A. medium was not sp e c if ica lly  se lec tiv e  for 
" gastro-enteritis  types” o f E. c o l i . i t  did to a greater extent 
than MacConkey medium indicate which colonies were worthy o f sero­
lo g ic a l screening. In th is way the element o f chance, so prevalent 
in examination of MacConkey cultures was reduced and th is is  held, to 
account for the greater number of p ositive  iso lation s obtained with 
S.B.A. medium. For the same reason, time spent in investigating  
primary sto o l cultures was le ss  with S.B.A. medium than with 
MacConkey because S.E.A. culture p lates allowed 73 (18.25$) of 400 
cultures to be discarded on colonial appearances alone, whereas 
th is  was possible with only 12 (3$) o f -the 400 corresponding 
MacConkey cultures.
-  5 6  -
I t  is  considered that the greater e ffic ien cy  o f  S*E*A. 
medium compared with MacConkey medium in these respects and also  
i t s  ease o f  preparation make th is medium a suitable one for use In 
the routine culture o f  sto o ls  for p o ten tia lly  enteropathogenic
\
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CHAPTER 3
PATHOGENICITY OP ESCHERICHIA COLT
I.
THE CLINICAL EFEBCTS ASSOCIATED WITH SPECIFIC 
SEROLOGICAL TYPES OF E. COLI
Over the past decade several sero log ica l types o f  E. c o l i  
have come to be regarded as enteropathogenic agents la rg e ly  as the 
r e su lt  o f  c lin ic a l and b acterio logical observations made on babies 
in  paediatric units or nurseries. Information is lacking on the 
occurrence o f these strains in general h o sp ita ls .
The present chapter deals with the incidence and entero- 
pathogenic e ffec ts  o f sp e c if ic  sero log ica l types o f E. c o l i  in 
p atien ts o f a l l  ages in  S tob h ill General H ospital, Glasgow.
The h osp ita l serves an urban population of approximately 
250*000 and has 1,200 beds dealing with general medicine and surgery, 
otorhinolaryngology, ophthalmology, paed iatrics, obstetrics and 
gynaecology, dermatology, tuberculosis and psychiatry.
The in vestigation  was carried out over a period of th ir ty  
months from October, 1951* to March, 1954* During th is period a l l  
faeca l specimens and. rec ta l swabs received from the wards were 
examined, for sp e c if ic  sero log ica l types o f E. c o li  and for members 
o f the S a lm o n s 1 a  and Sh ig e lla  groups o f in te s tin a l pathogens, as 
described, in Chapter 2.
The se lec tio n  o f specimens for b acterio logical examination
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was made primarily by c lin ic ian s on c l in ic a l  grounds, i . e . ,  when 
symptoms were present or where the physician or surgeon required 
b acter io log ica l information.
RESULTS:
Specimens were received and examined from a to ta l of 5,113 
p a tien ts . The p o sitiv e  b acterio logical findings are summarised 
in  Table 15* A ll specimens were examined for B. c o l i  serotypes 
0111 B4-, 055 B5 and 026 B6 and for S h igella  and Salmonella stra in s. 
The 3>805 specimens-submitted after March, 1952, were also examined 
for E. c o li  0125 B15, 0126 B16 and 086 B7.
Table 15
Occurrence o f sp e c if ic  B. c o li  serotypes and o f members o f  
Salmonel l a  and S h igella  Groups in Sto t h i l l  General Hospi t a l ,  
October* 1951. to March. 1954,
Period
To
ta
l 
No
. 
of
 
pa
ti
en
ts
 
! 
ex
am
in
ed
 
I
No. of patients  
harbouring sp e c ific  
E. c o li  serotypes
No. o f patients  
harbouring other 
pathogensJ 
TTT0
CQ
VPv
O
19
a
vO C\2 _O
5
21
UA
HPQ
if\02
rH
60
01
26
 
B
l6
j
ra
tS0
41—1 0tiD
•H
S iCO
4 IO k5
1—1 1—1 cd a>00
October, 1951* 
-  March, 1952
1,308 66
15 0
27
66
4-
A pril, 1952,
-  March, 1954-
3,805
, „ „, 
92 23 11
Totals 5,113 158 4-2 26 60 15 0 j 93 15
Incidence % - 3 .1 0 .8 0 .5 1.6 0.4 0 j  1.8 0.3
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These resu lts show that the to ta l incidence o f E. co li  
serotypes among the patients examined was greater than that o f  
eith er  Sh igella  or Salmonella strains* A high proportion of  
specimens, however, came from babies under 1 year old and from 
children between the ages o f 1 and 12 years* Table 16 shows the 
numbers examined and. the Incidence o f S. c o l i . Salmonella and 
S h igella  strains in each age group.
Table 16
Number o f patients examined in various age groups with  
incidence per cent, o f  |^ J_ c p l i> Salmonella and Shigella  Strains
Strains
Incidence % in each age group and number
patients examined
of
sought Adult 1 to  12 years old Under 1 year old
S h igella 2.4 )
)
0.5 )
)
0.3 ) 1,911
0 .1  )
)
0 .5  )
3 .4  ) ) 0 .5  )
Salmonella 0.4 ) .0.05 )
0111 B4 1 .2  ) 
)
1,084 6.6 ) 
)
2,118
055 B5 0.4 ) ) 1.7 ) )
F|
026 B6 0 .1  ) 0 .7  )
0125 B15
0126 Bl6
0 )
) 1,475 
0 .2  )
0.9 ) 
)
0.3 )
771
3 .4  ) 
)
0 .6  )
1,559 ! 
..... ...........1
I t  i s  evident from Table 16 that the r e la t iv e ly  high incid­
ence o f  B. c o l i  serotypes compared with organisns o f Salmonella and 
S h igella  groups was due to the frequent occurrence o f these serotypes 
in babies le ss  than one year old. In the older age groups the 
incidence o f E* c o li  serotypes was greater than that o f Salmonella
-  60 -
strains and le ss  than that o f Sh ig e l la strains©
Table 17 shows that the strains o f E. c o li  under in vesti­
gation were iso la ted  a t a l l  times o f the year though rather more 
often in winter and early spring months* The sexes were found to 
harbour these organisms with equal frequency*
Table 17
Occurrence o f sp e c if ic  E. c o li  serotypes 
month by month
Year
SS
{ o • ar patients harbouring E .  c o li  serotypes in
Totals
S
ha
•
rQ
Q>
h
•
Sh
A
pr
.
M
ay
©sha
1 •
3  j BPL ' l l Z
*p
&
ca
•
-p
o
o
•AO H
.. 
!
o©
n
1951 .... _ L  "
9 13 1 1
19 i i 19 49
1952 13 9 19 9 j M |l7 11 10 9 144
1953 16 8 12
r i2  6 7 5 5 7 7 3 9 87
1954 10 8 3 -  I -
- 1- 21
Total 301 j
C lin ica l e f fe c ts  o f E. c o l i  serotypes:
The symptoms and signs o f gastro-en teritis  to some extent 
vary according to whether the patien t is  an in fant, a toddler, a 
school-ch ild  or an adult. The one sign common to a l l  age groups 
is  diarrhoea, which gives r ise  in turn to a greater or le sser  
degree o f dehydration.
Accordingly pathogenic e ffe c ts  of the sp e c if ic  sero log ica l 
types o f  E* c o l i  isolated, in th is survey were judged by the
-  6 1  -
-presence and mutual relationship o f diarrhoea and dehydration in 
cases excreting these types* Diarrhoea was taken to mean any 
increase in frequency or a lteration  in consistency o f stools*  
Diarrhoea was said  to be severe when resu lting  dehydration was 
s u ff ic ie n t  to cause the administration of parenteral fluids* A ll 
other diarrhoea was regarded as mild.
Patients harbouring 0111 BA:
The sero log ica l type 0111 BA was that most frequently
iso la ted  in the survey. This organism was found in  the faeces o f  
one hundred and f if ty -e ig h t  p a tien ts . Of these p a tien ts , fifty -on e  
(32.3/0 had severe diarrhoea, s ix ty-fou r (AO.5/0 had mild diarrhoea, 
and forty-three (27.2/0 were without ga stro -in testin a l symptoms. 
Three cases d ied , a m ortality rate of 1.9$.
Table IB shows the d istrib u tion  of cases according to age- 
groups, the degree o f concomitant diarrhoea, and whether the 
organism was present on admission or contracted during the p a tien t’s 
s ta y  in h o sp ita l.
I t  is  evident from the la s t  column of the table that under
the age o f 1 year there was a fa ir ly  uniform incidence o f B. c o l i
0111 BA among the patients examined. Over the age o f 1 year i t  was 
comparatively rare to Isolate the organism.
Patients in fected  outside h o sp ita ls
Forty—fiv e  patients were admitted to hosp ita l excreting  
E* c o li  0111 BA. A ll of these patients were under IB months old  
and were admitted as cases o f ’’dysentery51 or ’’g a stro -en ter itis”.
-  62  -
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Only fiv e  patients (11.1%) had no symptoms a fter admission, while 
twenty-three (51.1/0 had severe diarrhoea and seventeen (37*8%) mild
diarrhoea.
Patients in fected  a fter  admission:
One hundred and thirteen patients became in fected  with E. c o li
0111 B4 while in h osp ita l. In contrast to patients p ositive  on ad­
m ission, th ir ty -e ig h t o f  the hosp ita l patients (33*6%) had no symptoms 
referable to the presence o f 0111 E4 in their faeces. Twenty-eight 
( 24-.S/0 had severe diarrhoea and forty-seven (4-1. 6%) mild diarrhoea.
Severe cases occurred most frequently among in fan ts. In babies 
under 1 year, other than those bom in hospital, there was a consistent 
relationship  between the presence o f B. c o l i  0111 B4 and the occur­
rence o f severe diarrhoea. Thus two (33.3%) of s ix  premature babies, 
th irteen {33*3%) o f thirty-nine infante up to 3 months old and eleven  
(39*3%) of twenty-eight babies between the ages o f 4 and 12 months had 
severe diarrhoea following in fection  in hosp ital with E. c o l i  0111 B4. 
Of the babies bom in h osp ita l, however, only one (4%) o f twenty-five 
had severe diarrhoea. Babies bom in hospital and those under one 
year old admitted to hosp ital were being nursed in sim ilar environ­
mental conditions but only the former group was receiving or had 
recently  received breast milk. This possib ly  accounts for the 
smaller number o f severely  i l l  cases occurring among infants born in 
the hosp ita l since i t  is  recognised that g a stro -en ten tis  is  rare in  
breast fed infants (Smith, 1955)*
The resu lts shown in Table 18 indicate that patients o f a l l  age 
groups can be found to harbour E. c o l i  0111 B4 and remain symptomless.
-  64 —
This has been commented on before, notably by Payne and Cook 
( 1950) as casting doubts on the pathogenicity of th is organism.
Since approximately one third o f the patients in the 
present ser ies  were unaffected by the presence o f E. c o l i  0111 34 
in  th eir  g a stro -in testin a l tr a c ts , factors which might be lia b le  
to predispose to the development o f gastro-en ter itis  were noted.
The factors considered were ( l )  d eb ility  o f t ie  p a tien t, and ( 2) 
antigenic and biochemical type o f organism iso la ted .
Environment in hosp ita l was not considered as the great 
majority o f patients were being nursed in the same type o f environ­
ment 9 namely, open wards*
( l )  D e b ility;
The d eb ilita tin g  factors investigated were
1. The presence o f systemic d isease.
2. A recent attack o f gastro -en ter itis .
3 • A recent or concomitant parenteral in fection .
4 . Extremes o f age, v i z . ,  prematurity or s e n ility .
The resu lts  are summarised in Table 19.
In the adult age group, a l l  five patients from whom E. c o l i  
0111 B4 was iso la ted  had other systemic disease a t that time. The
severe case, a woman o f 73 years, had auricular f ib r illa t io n  and
cardiac fa ilu r e . One of the two mild cases was a man o f 79 years 
who had had a l e f t  mid-thigh amputation for a rter io -sc lero tic  
gangrene two days prior to the onset o f g a stro -en ter itis . The 
second mild case was a 59 year old  woman who had glaucoma and severe 
diabetes* Of the two symptomless excretors, one was a woman of
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84 years suffering from anaemia and s e n il i ty ,  and the other, a 
woman, aged. 66, who had hypertension.
I t  is  evident that these fiv e  patients were old  and 
d eb ilita ted  by d isease , and while these factors may to some extent 
have predisposed to the establishment o f the organism in the bowel, 
they would appear, ner s e . to have had no very clear relationship  
to the development of gastro -in testin a l disturbance.
In the premature baby group, i t  is  reasonable to assume 
that a l l  the infants were d eb ilita ted . Reference to Table 19 
shows that systemic d isease, in fection  or previous gastro-en ter itis  
could not account for the development o f symptoms. I t  w il l  be seen 
that the proportions o f patients having mild diarrhoea, severe 
diarrhoea and no diarrhoea were sim ilar to those found in the other 
age groups and, therefore, the sta te  o f prematurity did not appear 
to influence the severity  o f the d isease.
Twenty severe cases occurred among the non-premature babies 
under 3 months o ld . In only fiv e  o f these cases, however, could 
d eb ilita tin g  factors be found. Three infants had systemic d isease, 
and the fourth was recovering from broncho-pneumonia. The f if t h  
had had mild diarrhoea associated with Ea c o li  026 B6 for two days 
before the iso la tio n  o f E. c o l i  0111 B4 and the onset o f severe 
diarrhoea. S im ilarly , o f the th ir ty -fiv e  babies having mild 
diarrhoea, only ten could be shown to be d eb ilita ted . Two of 
those babies had systemic d isease, s ix  had parenteral infections  
and two had. recently  recovered from gastro-en ter itis  in another
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h osp ita l. Again d eb ilita tin g  factors could not be shown to  
influence the sev er ity  o f the disease to any great extent.
In the L, to 12 month age group, twenty-one patients had 
severe diarrhoea associated with the Iso lation  o f 0111 from the 
s to o ls .  Ten o f these patients had parenteral in fections  
(5 respiratory, 2 o t i t i s  media, 1 bronchitis and o t i t i s  media,
1 in fa n tile  eczema and 1 um bilical in fec tio n ). No case had other 
systemic disease and none had recen tly  had g a stro -en ter itis . So 
that in fewer than h a lf  the babies having severe diarrhoea could 
d eb ilita tin g  factors be found. In eight o f the seventeen mild 
cases d e b ility  was present. Seven had parenteral in fection s, 
v iz . ,  f iv e ,  one a Mongol, had respiratory tract in fec tio n s, another 
was recovering from meningococcal m eningitis and the seventh had 
t o n s i l l i t i s .  The remaining mild case had systemic disease -  renal 
a cid osis . Thus, in th is  group, a lso , the presence of d eb ilita tin g  
factors could not d e f in ite ly  be related  to the development o f symp­
toms.
Nine of the th irteen 0111 B4 positive patients over 12 months 
old had parenteral in fec tio n s, but no severe case occurred among 
those nine. Four had mild diarrhoea and five remained symptomless. 
One further case o f mild diarrhoea was found to be excreting  
Sh. sonnei simultaneously. No case had systemic d isease.
As in the other age groups, therefore, d eb ilita tin g  factors 
in the patien t appeared to p lay no d efin ite  part' in the development 
o f g a stro -in testin a l symptoms.
-  68 -
( 2) S everity of gastro -en ter itis  in re la t ion to
sero log ica l and biochemical tvoes o f co3Ti  0111 B/,
I t  has been noted in Chapter 2 that three serological types
£i.«....Q<A.4 03.11 B4 were iso la ted  during th is investigation# These
were the non-motile serotype 0111 B4. H-, and the m otile 0111 BA H2
and 03.3.1 B4 HI2 types# Of the one hundred and. f i f t y —eight oatients
found excreting I .  c o l i  0111 B4 , one hundred, and fiv e  yielded the
non-moti3.e variant, th ir ty -s ix  the H2 serotype and seventeen 0111 B4
HI2# The biochemical reactions o f the non-motile and 112 serotypes
were sim ilar to one another and d is t in c t  from those o f the H12
variety  (Chapter 2)#
Isolations of E*. c o l i  0111 B4 B- and 0111 B4 H2 were confined
to four paed iatric wards in the hospital* The 0111 B4 H12 serotype
occurred in three of these four wards, in a children’s dermatological
ward and in three general wards for adult patients*
Table 20 shows the sev er ity  o f gastro-en ter itis  associated
with each sero lo g ica l type#
Table 20
Degrees o f gastro -en ter itis  associated, with the main  
variants of O lli B/,
Variant
Humber j Degree o f associated  
of patients gastro-en ter itis
W-LUi poyj.bJ.ve r 
sto o l cultures 1 Mild S e ve re I IT i l
0111 B4 H- 
Fermentation Type 2
105 42
1 (40)
40 123 
(33.1)1 (21.9)
0111 B4 H2 
Fermentation T-vne 1
36 j 15
. . .(AUTl.
9
_ __L.25)__
12
L {21m1 1
0111 B4 HI 2
lB.S2ntation^Type_3.„
17 1 7  1 2
l_  .
153 \ U  51
r 8
in)
> Q
Figures in brackets represent percentages*
Taking account of the discrepancies in the to ta l numbers 
iso la ted , no s ig n ifica n t differences were found in the degrees of 
i l ln e ss  associated  with each variant o f E. c o l i  0111 B4.
Patients harbouring E. c o l i  055  B5 :
E. c o l i  055 B5 was iso la ted  from a to ta l of forty-two 
p atien ts . Ten (23«6%) had severe diarrhoea, seventeen (40. 5%) 
had mild diarrhoea and f if te e n  (35. 7%) were without gastro­
in te s t in a l symptoms.
Table 21 shows the d istrib u tion  of cases according to age
grotqps.
The occurrence o f B. c o l i  055 B5 was le s s  frequent than 
that o f 0111 B4, but lik e  the la tte r  organism cases occurred most 
frequently under the age of one year.
Patients in fected  outside h o sp ita l:
Eleven patients o f a l l  ages had E. c o li  O55 B5 iso la ted  
from admission specimens o f faeces. A ll o f  those patients were 
admitted because o f gastro -in testin a l upset and Table 21 shows that 
a l l  continued to have observable symptoms in h osp ita l. Four cases 
(37%) were severe, seven (63%) mild. The adult p atien t is  o f  
particular in ter e st . This woman of 22 years was sent to hospital 
by her fam ily doctor on 26th October, 1952, as a case o f acute 
appendicitis. She had had pain in the right i l ia c  fossa , vomiting 
and some diarrhoea for 24 hours. On admission she was having very 
frequent watery s'tools and appeared toxic . A provisional diagnosis 
o f b acillary  dysentery was made and the patient was barrier nursed.
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B. c o l i  055 B5 was iso la ted  in apparently pure culture from an 
admission specimen o f faeces* A rapid uneventful recovery was 
made within a few days. I t  was learnt a fter  admission that the 
p a tien t's  5 month old child  was in another h osp ita l suffering from 
g a stro -en ter itis  though no b acterio log ica l d e ta ils  o f  the type of  
in fection  could be obtained. This case is  unusual in that a young, 
otherwise healthy ad.ult had a short, sharp attack o f severe 
diarrhoea associated with E. c o l i  O55 B5 and had had recent close  
contact with an infant i l l  with g a stro -en ter itis .
Patients infected  a fter admission:
Thirty-one patients had E. c o l i  055 B5 iso lated  from their  
faeces during their s ta y  in h osp ita l. F ifteen (4.8. 4$) had no 
apparent symptoms referable to O55 B5, s ix  (19.4-$) had associated  
severe diarrhoea, ten (32.2$) had mild diarrhoea.
I t  w ill  be seen from Table 21 that the numbers in each age- 
group affected  were very small and that severe cases, with two 
exceptions, occurred in the under 1 year age group.
Again, with E. c o li  O55 B5, as with 0111 B4, babies born in  
h osp ita l and receiving breast milk had only minimal gastro­
in te s tin a l upset associated with the organism. No case o f severe 
g a stro -en ter itis  occurred among the ten babies in th is group having 
p ositive  s to o l cultures. S ix  o f these babies had only mild 
symptoms.
Predisposing Factors:
Table 22 shows the relationship o f symptoms to d eb ilita tin g
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factors in 05$ B5 p ositive  patients*
Only two adults were found harbouring E» c o l i  055 B5*
I t  w ill  be seen that neither p atien t was d eb ilita ted  by disease or 
old age* One of these patients has already been referred to*
The other was a nurse, aged 20 years, who reported s ick  with 
diarrhoea on 18th October, 1951* The diarrhoea was of sudden 
onset and the p atien t was having frequent watery s to o ls ,  which 
yielded profuse growths o f S. c o li  O55 B5. This nurse was employed 
in  a paediatric ward in which were cases o f g a stro -en ter itis , none 
o f  whom, however, was known to be excreting E. c o l i  055 B5*
Rectal swabs were taken from a l l  the infants in the ward and 
E* c o l i  055 35 was iso la ted  from a male baby aged 5 months who was 
convalescing from 0111 B4 g a stro -en ter itis , but who a t th is point 
had no g a stro -in testin a l symptoms* The nurse made an uneventful 
recovery w ithin a few days; the baby remained symptomless*
In neither o f the two adult cases, therefore, could 
d eb ilita tin g  factors be found* I t  is  interesting that these were 
the only two affected  adults in the series who had any close associ­
ation  with infants*
Among the premature infants found excreting E. c o l i  O55 B5, 
Table 22 shows that d eb ilita tin g  factors other than prematurity 
were present in  only one patien t who, in fa c t, remained symptomless* 
No severe case occurred among these premature babies and only one 
had symptoms a t a l l .  Again, as with 0111 B4, prematurity did not 
appear to a ffe c t  d irec tly  the sev er ity  o f diarrhoea associated with
-  IK  -
E .  c o l i  055 B 5 .
Five severe cases o f diarrhoea were recorded among the 
twenty-four infants in the f i r s t  trimester* Only two of these 
cases had d eb ilita tin g  factors demonstrable* One had thrush and 
a s lig h t  upper respiratory in fection , the other developed gastro­
e n te r it is  while under treatment for carbuncle o f kidney, None o f  
the infants having mild diarrhoea was d eb ilita ted  by previous or 
intercurrent disease*
In the K to 12 months age group, three of the nine babies 
had severe diarrhoea* D ebilitating  factors were present in only 
one case, however, a baby o f 9 months who had intercurrent broncho­
pneumonia* S im ilarly , among the four mild cases, there was only 
one who could be termed d eb ilita ted , th is child also having broncho­
pneumonia.
F inally  among children over 1 year old , i t  w il l  be seen from 
Table 22 that no severe case o f diarrhoea occurred in association  
with E« c o l i  055 B5* A ll three mild cases were acutely i l l  with 
resp ectively , tuberculous m eningitis, o t i t i s  media and bronchitis.
In sp ite  o f these in fection s, diarrhoea did not become severe in 
any o f the children.
I t  would appear, therefore, that, as with 0111 B4 cases, 
d e b ility  could not be d irec tly  related  to the development of 
diarrhoea in patients harbouring E* c o l i  055 B5*
-  75 -
Severity  in re la tion  to serologic a l and biochemical 
sub-types o f ..CQli- 055 B5?
Two serotypes o f 055 B5 occurred during the investigation . 
The more common, occurring in th irty-nine cases, was the m otile 
055 B5 H6 type. The remaining three strains were a lso  motile and 
possessed H antigen 7.
Table 23 shows the association  of symptoms with the two 
sero log ica l types present in th is investigation . Biochemical 
variation within each serotype was minimal (Chapter 2) .
Degrees o f gastro-en ter itis  associated with the 
main variants o f E. c o l i  055 B5
Variant
No. of patients 
having p o sitiv e  
stoo l cultures
Degree 
Gas t]
o f Associated  
ro-en teritis
Mild Severe N il
055 B5 H6 
Fermentation type 1
39
^ 3 5 .9 )
10
( 25. 6 )
15
(38.5)
055 B5 H7 
Fermentation type 2
3 3
(100)
0 0
Total 4.2 17 10 15
Figures in  brackets represent percentages.
There is  no evidence that the severity  of gastro-en ter itis
was d irectly  rela ted  to one particular biochemical or sero log ica l 
sub-type o f E. c o l i  055 B5 
Patients harbouring 1U -S o li 02A :
Twenty-six patients yielded B. c o l i  026 B6 from sto o l
-  76 -
cultures* Four ( l 5»U%) o f these patients had severe diarrhoea, 
th irteen ( 50%) had mild diarrhoea, and nine (34*6$) remained 
symptomless*
Table 24 shows the d istrib u tion  o f cases*
Ten o f the twenty-six patients found harbouring B. c o li  
026 B6 were adults* This is  a considerably higher proportion 
p o sitiv e  than was found with any other typeable stra in  o f S. c o l i . 
There is  no sa tis fa c to ry  explanation for th is finding. I t  is  
evident that a l l  but one of the affected  adults began to excrete 
the organism a fter  admission* The presumption Is that these 
patients became cross-infected  in hospital though no primary source 
o f in fection  could be found* This Is perhaps not altogether  
surprising considering the fa c t  that a l l  these patients were in 
open wards into which came a regular stream o f v is ito r s  several times 
per week*
Patients in fected  before admission:
S ix  patien ts had B> c o l i  026 B6 iso lated  from admission 
specimens o f s to o l.  One infant (l6 .7 /0  was admitted severely  
dehydrated with a two day h istory  o f diarrhoea and vomiting a t home. 
Three other patients (50%), one a woman of 52 years, had mild 
diarrhoea on admission and for a few days afterwards* Two babies 
(33• 3/ )^ 9 with s to o l cultures p ositive  for E. c o l i  026 B6 on 
admission, remained symptomless*
Patients infected  after admissions
Twenty patients had B* c o l i  02b Bb f ir s t  iso la ted  from
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stoo ls  a fter  admission. Nine o f these patients were adults, ten 
were under 1 year o ld , and one was aged 2 years. Severe symptoms 
occurred in  three patients ( 15. 0$ ) ,  ten patients ( 50$) had mild 
gas tr o -in te s t in a l upset and the other seven (35$) remained symptom­
le s s .
I t  w il l  be seen, therefore, that almost exactly  sim ilar  
proportions o f patients had m ild, severe or no symptoms in both 
pre and post-admission in fec tio n s. Three infants born in hospital 
and receiving breast milk had E. c o l i  026 B6 iso la ted  from their  
s to o ls .  One of these infants had s lig h t ly  loose sto o ls  for a fex,r 
days. The other two had no symptoms.
Predisposing fa cto rs;
As with E. c o li  0111 B4 and 055 B5 the association of 
symptoms with the presence o f S . c o l i  026 B6 in  the stoo ls was 
variable. Again d eb ilita tin g  factors in patient and the type o f  
the organism were investigated to determine whether they could have 
influenced c lin ic a l severity .
Table 25 records the d eb ilita tin g  factors present in 
patients harbouring B. c o l i  026 B6 .
Among the ten adults one severe case o f diarrhoea occurred. 
This was a woman o f 64 years who was suffering from sen ile  dementia 
and broncho-pneumonia. There had been severe progressive 
d e b ility  for about a year and broncho-pneumonia developed a few days 
before death. During the p a tien t’s terminal i l ln e s s  there was 
sudden onset o f profuse diarrhoea associated with B. c o l i  026 B6
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and she died twenty-four hours la te r . There is  no doubt that 
th is  woman was in very poor physical condition and that the severe 
diarrhoea a t  le a s t  accelerated her death.
A ll s ix  m ildly i l l  adults were d eb ilita ted  to some extent. 
Three had pulmonary tuberculosis and three had other systemic 
d isease. In addition, two o f the tuberculous patients were sen ile .
On the other hand, a l l  three synptomless adults were also  
d eb ilita ted  by intercurrent disease and, in addition, one was 
markedly s e n ile .
I t  would appear, therefore, that in the adult cases 
excreting S. c o l i  026 B6 no clear relationship could be demonstrated 
between the presence of d eb ility  and the development o f diarrhoea.
This serotype was not iso la ted  from any premature baby 
during the survey. Among the non-premature babies under 3 months 
old , three had severe diarrhoea. One of these babies had 
haemolytic anaemia prior to the onset of g a stro -en ter itis | the 
other two infants had no d eb ilita tin g  factors demonstrable. In 
only one of the four mild cases was the patient d eb ilita ted . This 
particular ch ild  was marasmic on admission. In addition, she had 
had mild g a stro -in testin a l upset associated with B. c o l i  0126 Bl6 
for three weeks prior to the f i r s t  iso la tio n  o f 026 B6. Co-incident 
with the appearance o f the la tte r  organism mild diarrhoea returned 
but never became severe despite the poor general condition o f the 
in fant.
F in a lly , Table 2$ shows that in none of the children over
-  81 -
the age o f 3 months having g a stro -in testin a l symptoms were 
d eb ilita tin g  factors present.
The findings in the case o f B. c o l i  026 B6 were, there­
fore , sim ilar to those obtained with the serotypes 0111 B4, and 
055 B5, namely, that d eb ilita tin g  factors in the p atien t could not 
be d irec tly  related  to development of diarrhoea.
S e v er ity .o f .gastro-en teritis  in relation  to biochemical 
and sero log ica l sub-types o f B6:
Table 26 shows that gastro-en ter itis  occurred in associ­
ation with a l l  three sub-types o f E. c o l i  026 B6. There is  no 
evidence from these resu lts that severity  o f i l ln e s s  was related  
to any particular sero log ica l or biochemical sub-type.
Table 26
Degrees of gastro-en ter itis  associated with the 
main variants o f B^~coli.026 b6
Variant
Ho. o f patients  
having p o sitiv e  
! stoo l cultures
Degree o f associated  
Gas tr o -en ter itis
Mild Severe Nil
026 B6 H- J 7
Fermentation type 1 1 ?42.3)
2
(28.6)
2
(28.6)
026 B6 H- j U 
Fermentation type 3 j
3
(75)
0
(25)
026 B6 H ll 
Fermentation type 2
15 7
(4-6.7)
2
(13 .3 )
o
vO'—•
Total 26 13 A 9
Figures in brackets represent percentages.
Patients harbouring lit, c o li  0125 B15?
I t  has already been noted that E« c o li  0125 B15 did not 
become available for investigation  u n til March, 1952. From A pril,
1952, t i l l  March, 1954> s ix ty  infants and children had the organism 
iso la ted  from sto o l specimens or recta l swabs. Only three p ositive  
cases (5$) had severe g a stro -en ter itis . F ifteen patients {25%) had 
mild diarrhoea, and the remaining forty-two children (70$) appeared 
unaffected by the organism.
Table 27 indicates the d istribution  o f cases.
The organism was most frequently iso la ted  from babies under 
1 year old . Premature babies accounted for twenty-seven of the 
f ifty -th ree  0125 B15 p ositive  patients in th is age group. This 
high proportion of prematures was due to a small epidemic which 
occurred in a ward, o f premature babies during the months January to 
A pril, 1953 y when nineteen infants were involved. I t  was rare to 
encounter the organism in patients over 1 year old and no adult 
cases were found. I t  is  also evident comparing Table 27 with 
Tables 18, 21 and 24 that patients harbouring 35. c o l i  0125 B15 were 
much le s s  prone to develop diarrhoea than was the case with B. c o l i  
0111 B4, 055 B5 and 026 B6.
Patients in fected  before admission:
Seven patients had E. c o l i  0125 B15 iso la ted  from an 
admission specimen o f faeces. Four babies (57$) had concomitant 
mild diarrhoea, the stoo ls of the three others (43$) remained nonnal. 
Bnlike the patien ts excreting B. c o l i  0111 B4 and 055 B5 on admission, 
only four (57$) o f  these seven 0125 B15 p ositive  cases were admitted 
because o f ga stro -in testin a l upset, and severe gastro-en ter itis  did  
not occur in any p atien t infected  outside the h osp ita l.
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Patients in fected  a fter admission:
F ifty-th ree children becane excretors of B. c o l i  0125 B15 
during th e ir  stay  in hospital* Of these p ositive  cases, three 
(5 .7$) were severe, eleven (20,7$) were mild, and thirty-nine  
(73.6$) had no associated gastro -in testin a l symptoms* Infants born 
in hosp ital and receiving breast milk showed no c lin ic a l e ffects  
from the presence o f  E. c o l i  0125 B15* This is  in  keeping with 
the findings in  rela tion  to serotypes 0111 B4 , O55 B5 and 026 B6 .
In general, gastro -in testin a l symptoms associated with B, c o li  
0125 B15 were very mild, though one o f the severely  i l l  premature
babies died within three days o f the onset o f diarrhoea.
Predisposing factors:
Account was again taken o f  d eb ilita tin g  factors and their  
rela tion  to the development o f diarrhoea. The resu lts  are shown 
in  Table 28*
I t  is  evident that, in  premature in fants, d eb ilita tin g  
factors other than prematurity were usually absent. The severe 
case, which was the only fa ta l ity  in relation  to B, c o l i  0125 B15, 
did , however, a t posterior tern, have extensive pulmonary a te lec ta s is  
and was, therefore, in very poor physical condition. One other 
premature in fant had severe m onilial in fection  o f the mouth and 
pharynx. This infant did not, however, develop diarrhoea.
Since only seven o f the twenty-seven premature cases
harbouring E. c o l i  0125 B15 had concomitant diarrhoea, and in view
of the paucity o f other d eb ilita tin g  factors present, prematurity
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per se appeared to have no d efin ite  influence on the development 
o f symptoms*
Only one case o f severe gastro -en ter itis  occurred in non­
premature babies in  the f ir s t  trimester* The a ffected  infant was 
convalescing from severe g astro -en ter itis  associated with E* c o li  
026 B6 and was very d eb ilita ted . Co-incident with the appearance 
c o l i  0125 B15 in the s to o ls , severe diarrhoea returned, the 
infant became dehydrated and his general condition rapidly deterior­
ated* These severe symptoms were present for s ix  days, a fter  which 
a gradual and complete recovery was made* In only two o f -the s ix  
mild cases were d eb ilita tin g  factors present* One baby had a 
concomitant upper respiratory in fec tio n , and the other developed 
diarrhoea during treatment for staphylococcal impetigo*
A ll ten infants on idiom B. c o li  0125 B15 had no apparent 
e f fe c t  were i l l  with other conditions. Five had upper respiratory  
in fec tio n s, one had broncho-pneumonia, two were convalescing from 
previous g a str o -e n te r it is , one had a skin condition, and one was 
marasmic due to imperforate anus and recto-urethral f is tu la .
Despite the presence of these conditions no gastro -in testin a l upset 
occurred in any o f these infants following iso la tio n  o f B* c o li  
0125 B15.
Table 28 shows that no severe diarrhoea occurred in the 
4. to 12 month age group. Three babies had mild diarrhoea* One 
was convalescing from meningococcal m eningitis; another developed 
diarrhoea for a few days during the course o f acute leukaemia. The
-  87 -
th ird  child  was suffering from seborrheic eczema and o t i t i s  media* 
Six babies were symptomless excretors of E. c o li  0125 B15. 
A ll s ix  were d eb ilita ted  to some extent by other conditions* 
Infections of the respiratory tract were present in  four of these 
in fan ts, one of whom was, in addition, recovering from gastro­
e n te r itis  associated with E. c o l i  026 B6. A f i f t h  baby had 
pyelonephritis and the six th  a sub-dural haematoma. There was 
thus no constant relationship between d eb ility  and the presence of  
diarrhoea*
Of the seven children over 1 year old harbouring E. c o l i  
0125 B15, only one h&d mild diarrhoea* Six of the seven were, 
however, d eb ilita ted  by other il ln e s s  which indicates again that 
d e b ility  could not be related to development of diarrhoea.
Severity  of gastro-en ter itis  in relation  to biochemical 
and sero log ica l sub-types o f 5,. co_li 0125 B15?
A ll strains o f E. c o li  0125 B15 iso lated  in th is  survey
were non-motile and lacked a f la g e lla r  antigen. Biochemical
variations in  the organisms encountered were minimal (Chapter 2).
Fifty-one stra in s were o f uniform biochemical type. Minor
variations in the fermentation of sa lie in  and rhamnose and the
u t il is a t io n  o f  c itra te  occurred in the remaining nine stra in s.
These d ifferences could not be related to sev er ity  o f disease*
Patients harbouri ng E. co l i  0126 Bib:
During the period March, 1952, to March, 1954 > fifte e n
patients had E* c o l i  0126 B16 iso la ted  from their s to o ls . No
-  88 -  .
severe diarrhoea occurred in association  with th is organism. Six  
patients {J+0%) had mild diarrhoea; the remaining nine patients 
(60%) had no ga stro -in testin a l upset a t a l l .
Table 29 shows the d istrib u tion  o f cases.
I t  w i l l  be seen that no case had B. c o l i  0126 B16 iso lated  
from an admission specimen o f s to o l. Seven o f the ten 0126 B16 
p o sitiv e  babies under one year old occurred among infants born in 
h o sp ita l.
As was the case with other serological types, a l l  those 
infants were receiving breast m ilk, which is  p ossib ly  the explanat­
ion for the paucity o f symptoms associated with E. c o l i  0126 B16 
in  th is  group.
Only three other babies under one year were found to harbour 
E. c o l i  0126 B16; two had mild diarrhoea, the third had no symptoms. 
The three adult patients from whom this serotype was iso la ted  a l l  
had mild diarrhoea associated with the appearance o f the organism 
in  their s to o ls .
The relationship  obtaining between p atien ts' d e b ility  and 
development o f symptoms is  shown in Table 30.
I t  w il l  be seen from the table that with the small to ta ls  
involved, d eb ilita tin g  factors, particu larly  in infants and children 
under 12 years, were not numerous enough to merit consideration.
As regards the three adults, a l l  three were in poor physical shape. 
Two, one markedly seni3§ had advanced malignant disease; the third  
was an old man recovering from a herniorrhaphy operation. Diarrhoea
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was present in  each case for a few days* I t  never became severe 
despite the poor condition of the p a tien ts.
Sevejritv o f g a s tr o -en ter it is  in re la tion  to sero log ica l 
and biochemical types of lu—S S li 0126 B16:
I t  has been noted in Chapter 2 that the f if te e n  strains  
iso lated  were a l l  o f serological type 0126 B16 H2. The biochemical 
reactions were o f uniform type (Table 9 , Chapter 2) and, therefore, 
no basis was found for comparing serological and biochemical types 
of c o l i  0126 Bl6 in their a b il i ty  to produce symptoms*
DISCUSSION:
The resu lts  o f this investigation  show that the overall 
incidence o f the sp ec if ic  E. c o li  serotypes 0111 B4 , 055 B5 , 026 B6 , 
0125 B15 and 0126 Bl6 in S tob h ill General Hospital was s lig h tly  
greater than that o f Salmonella and Sh igella  types which themselves 
are not generally regarded as being o f rare occurrence in hospitals  
and in stitu tion s*  The r e la t iv e ly  high incidence of B« c o li  sero­
types was, however, to some extent due to their frequent occurrence 
in  babies under one year old who comprised approximately of the 
5,113 patien ts examined. Nevertheless in children over 1 year old  
and adults the incidence of sp e c if ic  types of E« c o li  was not 
considered to be n eglig ib le  since i t  was found to l i e  between that 
o f  S^l^onella. and that o f S h igella  types*
The pathogenicity o f E. c o l i  serotypes was judged by the 
presence and sev er ity  o f g astro -en ter itis  occurring in patients 
harbouring these serotypes* No attempt was made to correlate
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occurrence o f symptoms with numbers o f bacteria present in s to o ls ,  
for two reasons. F ir s t , no culture medium was available for 
se le c tiv e  iso la tio n  of sp ec ific  B. c o li  serotypes from other strains 
c o li .  Second, despite assertions to the contrary by Shanks 
and Studzinsky (1952), in a s it e  such as the in testin e  which has a 
normal b acteria l flo r a , evidence o f pathogenicity o f a particular 
micro-organism does not depend on i t s  being iso la ted  in pure or 
almost pure culture since in the case o f Sa'lmrmftTlfl and Shigella  
s tra in s , whose pathogenicity is  no longer in doubt, i t  is  common 
experience to find these pathogens outnumbered by normal bowel 
flo ra  in s to o l cultures made during a l l  stages o f food-poisoning or 
dysentery in fec tio n s.
I t  is  evident that c lin ic a l e ffec ts  associated with 
sp e c if ic  sero lo g ica l types o f B. c o l i  vary from type to 'type.
Table 31 summarises the c lin ic a l findings for each serotype. 
l a b l e J l
Summary o f c lin ic a l findings in relation  to  each
serotype
Strain
Numbers
iso la ted
Patients having gastro-in testin a l 
symptoms (per cent.)
Severe 1 Mild None
0111 B4 158 32 T 41 27
055 B5 42 24 j 40 36
026 B6 26
15 1 50 35
0125 B15 60 5 25 70
0126 B16 15 0 j 40 60
Total 301
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Un'bli strains 0111 B4., 055 B5 and 026 B6 approximately
two-thirds o f a l l  patients from whom these serotypes were iso lated  
had gastro-en ter itis*  I t  is  considered that symptoms occurred in 
association  with these serotypes with su ff ic ie n t  frequency and 
consistency to ju s t ify  their being regarded as pathogens* This is  
in  accord with current opinion on the pathogenicity of these 
strains (Kaufftnann, 1954-)*
The c l in ic a l  findings in respect of E. col i  0125 B15 and 0126 
Bl6 are in general agreement with those of Taylor and Charter 
(1952) and McDonald and Charter (1956)* These two serotypes were 
le s s  frequently associated with disease and where symptoms were 
present they were usually o f a mild nature* On the resu lts of  
th is in vestigation  E. c o l i  0125 B15 and 0126 Bl6 are considered 
to be le s s  pathogenic than the three former serotypes.
In the present survey sero log ica l or biochemical variants 
within each serotype could not be related to the development o f  
c lin ic a l gastro-en teritis*  Establishment o f sp e c if ic  serological 
types o f E. c o l i  occurred most read ily  in the in te s tin a l tracts o f  
in fan ts, but a few adults, e sp ec ia lly  those d eb ilita ted  by disease 
or old age, were also found to harbour enteropathogenic strains* 
D eb ility  from any cause could not, however, be held d irectly  
responsible for development of symptoms in either adults or infants.
I t  is  not clear how or why certain  strains o f E* c o li  exert 
enteropathogenic e f fe c ts .  In a study of f if ty - f iv e  autopsies on 
fa ta l cases o f gastro-en ter itis  recorded by Smith (1955) lo ca l
t issu e  reaction in the bowel was absent and systemic dissemination 
s * c o li  serotypes outwith the in testin e did not occur. These 
findings indicate the p o ss ib ility  that the pathogenicity of certain  
sp e c if ic  sero log ica l types of E. c o l i  may be due to their possessing  
an endotoxin or endotoxins not generally present in other members 
of the Escherichia group. This would account for the frequency 
with which symptoms develop in infancy since i t  is  known that endo­
toxins are not strongly antitoxinogenic (Wilson and M iles, 1955) 
and that in infancy immunological mechanisms are imperfectly 
developed (S w ift, 1957). I t  is  a lso  a well-recognised property of 
endotoxins that no amount of antitoxin  affords protection when the 
dose of endotoxin exceeds a certain lim it  (Wilson and M iles, 1955)* 
Thus, occurrence o f gastro-en teritis in certain adults and older 
children might be explained on an immunological b a sis , for i t  has 
already been shown by Ferguson and June (1952) and by June, Fergu.son 
and Worfel (1953) that strains o f B. c o li  0111 BU and 055 B5 can 
produce gastro -en ter itis  in a normally insusceptible age group, 
v i z . , young healthy adults, provided very large doses o f these 
organisms are given*
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PATHOGENIC ITY OF ESCHERICHIA COLI
II .
RELATIONSHIP BETWEEN THE ANTIBACTERIAL ACTIVITY 
AND THE THERAPEUTIC EFFICIENCY OF ANTTRIQTICS IN 
INFANTILE GASTRO-ENTERITIS
A ntib iotic  s e n s it iv ity  testin g  o f the sero log ica l types of 
E. c o li  implicated in gastro-en ter itis  has been the subject of a 
number of s tu d ies . Ferguson, Jennings and G ottshall (1951) 
tested  thirty-tw o strains o f B. c o l i  0111 B4. which were found to be 
se n s it iv e , in v itr o , to chloramphenicol, aureomycin, terramycin, 
neomycin, polymyxin and c ircu lin . S en sitiv ity  to streptomycin 
was, however, variable, only fourteen o f the thirty-two strains 
being sen sitiv e  to th is drug. Smith and Galloway (1953) studied  
the e f fe c t s ,  in  v itr o , of aureomycin, terramycin, chloramphenicol 
and dihydrostreptomycin on strains of c o l i  0111 B4, and O55 B5 
and found that the most inhibitory antib io tic  a fter twenty-four and 
fo rty -e ig h t hours 1 incubation was terramycin, followed by chloram­
phenicol, then aureomycin, and f in a lly  dihydrostreptomycin.
Further, chloramphenicol, aureomycin or terramycin were not bacteri­
cidal to any stra in  a fter  twenty-four hours* incubation and to only 
a few stra in s in high concentrations o f the drugs a fter  forty-eight  
hours* incubation. Dihydrostreptomycin, on the other hand, k ille d  
h a lf  the stra ins inhibited a t twenty-four hours and about three- 
quarters a t fo rty -e ig h t hours.
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Following on their in vitro stu d ies, the la tte r  workers 
performed in vivo te sts  in twenty-nine cases infected with E# c o li  
0111 B4 and in one hundred and forty  infected  with B„ c o li  O55 B5#
A variety  o f an tib acteria l agents were tested  and i t  was found that, 
with the exception of sulphamezathine, streptomycin and polymyxin, 
the average duration of in fe c t iv ity  was sim ilar for control and 
treated cases, namely, about sixteen  days. With the three former 
drugs, however, th is period was reduced# The authors pointed out 
that a l l  the a n tib io tics  used were o f some value s in ce , during 
courses o f treatment, coliform organisms frequently could no longer 
be cultured from the faeces and that the administration of the drugs 
must, therefore, a t  le a s t  have lim ited  the occurrence o f cross 
infection# No attempt was made, because o f the mildness o f the 
d isea se , to assess c lin ic a l responses o f the cases to the various 
a n tib io tics  used#
In vivo investigations have also been carried out by other 
workers# Rogers, Eoegler and Gerrard (194-9) in a small series of 
B. c o l i  0111 B4 in fections claimed c lin ic a l and bacteriological 
improvement with chloramphenicol# Laurell e t  al# (1951) reported 
good resu lts  with aureomycin in B. c o ll  0111 B4 in fection s. 
B eneficia l e ffe c ts  from the use o f chloramphenicol or one or other 
o f the tetracyclines have been reported by Opitz (1952), Clement 
e t  a l* (1953), Neter e t  al* (1951) and Wheeler and Wainerman (1954). 
Shanks and Studzinski (1952) ,  on the other hand, were not impressed 
with the e ffica cy  o f chloramphenicol in shortening the course of
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g a stro -en ter itis  as judged from the period o f time spent in hospital# 
Most workers seem convinced that streptomycin, as d istin c t  
from chloramphenicol and the tetracyc lin es, is  o f l i t t l e  benefit in 
the treatment o f g a stro -en ter itis , possib ly  because many coliform  
stra in s are in sen sitive  to the drug (Modica, Ferguson and Ducey,
1952) or that r e s is ta n t variants emerge rapidly during treatment 
(Alexander, Benjamin, Maslen and Roden, 1952)#
I t  is  clear from a l l  these studies that chloramphenicol, 
polymyxin, the tetracyclines and, to a le sser  extent, streptomycin 
are l ik e ly  to be e ffec tiv e  against strains of S# c o li  associated  
with gas tro—e n te r it is  0 Reasonable evidence in favour of the patho­
g en ic ity  o f  sp e c if ic  serological types o f E. c o li  in gastro-enteritis  
would, therefore, be provided i f  b acterio log ica lly  p ositive  cases 
could be shown to be s ig n if ic a n tly  improved by the use of one or more 
o f  these p o ten tia lly  e ffec tiv e  antib iotics#
The e ffectiven ess o f an a n tib io tic  in in fan tile  gastro­
e n te r it is  I s ,  however, governed by two main factors# F ir s t , the 
humoral and c e llu la r  defences o f the body are poorly developed in 
infancy, and i t  i s ,  therefore, desirab le, as Swift (1957) has 
recen tly  pointed out, to  use a bactericidal rather than a bacterio­
s ta t ic  a n tib io tic  in  th is age group, particu larly  so in view of the 
large surface area o f  bowel wall available for harbouring pathogenic 
organisms. Second, i t  is  important to obtain an adequate concentra­
tion  of a n tib io tic  throughout the whole length of the bowel, and i t  
would seem lo g ic a l,  therefore, to use an an tib iotic  which is  not
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absorbed out of the bowel into the blcod-stream.
During the winter of 1953-54- in the course o f a controlled  
c lin ic a l t r ia l  carried out by Dr. A. L. Speirs, bacterio logical 
observations were made by me on cases o f gastro-en teritis  
harbouring the then prevalent stra ins o f E. c o l i . v i z . ,  0111 B4.,
O55 B5 and 026 B6 . These cases were being treated with a mixture 
of chloramphenicol palmitate and streptomycin or with polynyxin B.
By correlating b acterio logical and c lin ic a l resu lts i t  was hoped 
to obtain evidence as to the pathogenicity of the strains of E. c o li  
in question.
The combination of chloramphenicol palmitate with strepto­
mycin was used in order that the b actericidal action of the la tter  
might re-in force the b acteriostatic  action of the former anti­
b io t ic .  I t  has since been shown (Stem  and Elek, 1955?) that 
the combination of these two an tib io tics  is  a very e ffec tiv e  one 
against E. c o l i . I t  is  well-known that streptomycin is  not
absorbed from the in testin e and i s ,  therefore, available for lo ca l 
action throughout the bowel. Speirs (1954-b) has shown that
chloramphenicol palmitate is  le ss  readily  absorbed from the gastro­
in te s t in a l tracts o f infants than is  the crysta llin e  form. The 
an tib acteria l action of chloramphenicol palmitate is  considered 
by Ross, Burke and Rice (1952) to depend, on the release o f the 
free alcoholic form o f the a n tib io tic  from the in ert palmitate 
ester  by action of the in te stin a l lip a ses . I t  was, therefore,
f e l t  that continuous and. e ffec tiv e  action of chloramphenicol
on the bowel flora  could best be obtained by use o f the palmitate 
form.
Polymyxin B was used because i t  is  poorly absorbed from the 
g a stro -in testin a l tra c t, is  bactericidal in action and is  e ffectiv e  
against strains o f E. c o l i  (Brownlee and Bushby, 194-8$ Brownlee, 
Bushby and Short, 1952).
MATERIALS AND METHODS:
Cases o f gastro-en ter itis  admitted to Ward 4.2B, S tobh ill 
H ospital, or to  Ward 21, Ruchill Hospital, were allocated  alternately  
to treated and control groups, provided that culture o f their faeces 
yielded  B. c o l i  0111 BA, 055 B5 or 026 B6. Patients excreting 
other sero log ica l types were excluded. Treated cases during the 
f i r s t  part o f the t r ia l  received a mixture of chloramphenicol 
palmitate and streptomycin, 20 mg. and 250 mg. per lb . body weight 
resp ectiv e ly , four times daily  for s ix  days. Later in the tr ia l  
polymyxin B qulphate was substituted for the chloramphenicol- 
streptomycin mixture, in a dosage o f 10,000 units per lb . body weight, 
s ix  times d a ily  for fiv e  days. In addition conventional supportive 
and d ie te t ic  measures directed a t rehydration and establishment of 
normal feeds were in stitu ted . Gontrol cases received the same 
supportive and d ie te t ic  measures but antib iotics were withheld. 
E thical reasons precluded withholding antib iotics when there was any 
question o f a fa ta l  outcome or when a case had already required intra­
venous flu id s and seemed l ik e ly  to relapse* Such cases were removed
r- 1 0 0  -
from the control group and, i f  b acterio log ica lly  p o s itiv e , were 
allocated  to one or other of the treated groups. During the t r ia l ,
c l in ic a l  assessment o f cases was carried out by Dr. A. L. Speirs.
In the c lin ic a l assessment the following points were noted?—
1. Duration o f diarrhoea.
2. Time to reach normal feeds.
3 . Time to fu ll  recovery.
A. Occurrence of relapse.
The iso la tio n  and typing o f strains o f E. col i  from patients 
admitted to the t r ia l  were performed by me. Bacteriological 
examinations o f  the stoo ls o f a l l  cases were made on admission to 
the t r ia l ,  during treatment, usually on day 2 and. day A, and after  
the course o f treatment.
RESULT:
The c lin ic a l resu lts are summarised in Table 32.
A s t a t i s t i c a l  analysis o f  these c lin ic a l resu lts was made 
(Speirs 195A&) • T -tests o f sign ificance were applied to the
d ifferences between the means in each group. The findings were 
correlated to a p ro b a b ility ?  = 0.05 and the following conclusions 
were reached?-
Duration of diarrhoea?
In the chloramphenicol-streptomycin treated, group the 
duration of diarrhoea was s ig n if ic a n tly  shorter than in the control 
group. The difference between polymyxin treated and control groups 
was not s ig n ifica n t.
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2* Time to reach normal feed s:
Patients in both an tib io tic  treated groups took s ig n ifica n t­
l y  shorter times to reach normal feeds than did those in the control 
group. The difference between the two a n tib io tic  groups was not 
s ig n ifica n t.
3 . Time to full■recovery:
The polymyxin treated patients took a s ig n if ic a n tly  shorter
time to f u l l  recovery than did the control p a tien ts . The difference
between the chloramphenicol-strep tom yc in group and control group was
not s ig n ifica n t.
U• Relapse Ratess 
pX te s ts  were applied to the d ifferences between the number 
o f relapses. The difference between polymyxin treated and control 
groups was h igh ly  s ig n ifica n t (P < O.Ol). The difference between 
the chloramphenicol-streptomycin treated and control groups was 
s ig n ifica n t (0*05 > P > 0 .0 2 ). The difference between the two 
treated groups was not s ig n ifica n t.
I t  is  evident from these resu lts  that the a n tib io tics  used
were, in general, o f  b en efic ia l e f f e c t  in the treatment o f  cases in  
th is  t r ia l .
The b acterio log ica l resu lts are shown in Table 33.
Table 33
Summary o f Bacterlologic a l  Results
Treahnent
Group
Chloramphen ic o l  
+ Streptomycin
Organism
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inadequately followed up b a cter io log ica lly .
I t  is  c lear from Table 33 that b acterio logical recurrences 
were much le ss  frequent in the polymyxin-treated group than in either  
of the other two groups and that b acterio log ica l recurrences with 
polymyxin were not accompanied by c lin ic a l relapse. In the 
chloramphenicol-streptomycin-treated group eleven (52.4$) of twenty- 
one patients adequately followed up b a cter io log ica lly  had p ositive  
sto o l cultures during or immediately a fter  treatment. This 
proportion is  sim ilar to that present in the control group -where 
fourteen (58*3p ) of twenty-four patients had b acterio log ica l 
recurrences. In the chloramphenicol-streptomycin treated group,
however, corresponding c lin ic a l relapses were much le s s  frequent 
than in the control group.
DISCUSSION:
Polymyxin appeared th eo retica lly  to be a lo g ic a l drug to
$
use in th is in vestigation  since i t  is  e ffec tiv e  against E. c o l i .  
is  bactericidal and is  not absorbed out of the in testin e  in  
s ig n if ic a n t amounts. S ta t is t ic a l  analysis of the c lin ic a l resu lts  
confirms the usefulness of polymyxin in the treatment o f in fa n tile  
g astro -en ter itis  p a tien ts . B acteriological in vestigation  of the 
cases showed that th is an tib io tic  a t the same time e f fe c t iv e ly  
cleared stoo ls o f the t e s t  strains o f E. c o l i . I t  is  reasonable 
to in fer , therefore, that since c l in ic a l  improvement accompanied 
successfu l elim ination of E. c o l i  0111 B4, 055 B5 and 026 B6, these 
strains were pathogenic for the infants examined.
The combination of chloramphenicol palmitate with strepto­
mycin, on the basis o f  the purely b acter iosta tic  action of 
chloramphenicol and the l i a b i l i t y  o f stra ins of E. c o l i  to strepto­
mycin resistance, did not appear in theory to be such an ideal one 
for action against E. c o l i . The c lin ic a l resu lts o f th is tr ia l  
show, however, that exhib ition  of these substances was o f consider­
able value in treating cases of g a stro -en ter itis . The obvious 
therapeutic e ffic ie n c y  o f the combination of chloramphenicol and 
streptomycin in the absence of sa tis fa c to ry  elim ination of te s t  
strains of E. c o l i  does not, a t  f i r s t  s ig h t , appear to produce very
conclusive evidence for the a e tio lo g ic a l role o f these strains in 
in fa n tile  g a stro -en ter itis . Account must be taken, however, f i r s t  
o f  the frequent in su scep tib ility  of stra in s o f E. c o l i  to strepto­
mycin which would render such strains open only to the bacterio­
s ta t ic  action of chloramphenicol, and second, that in the absence 
o f a sa tisfa cto ry  se le c tiv e  culture medium for sp e c if ic  E. c o li  
serotypes, the iso la tio n  of these types from faeces is  a qualitative  
rather than a quantitative t e s t .  Thus while E. c o l i  serotypes 
could be iso la ted  from faeces samples o f chloramphenicol-streptomycin 
treated cases, these organisms, because o f the b acter iosta tic  action  
o f chloramphenicol, were not n ecessa r ily  present in the in testin e  in  
numbers great enough to produce symptoms. This explanation for the 
discrepancy between c lin ic a l and b acterio log ica l resu lts in the 
chloramphenicol-streptomycin treated group is  considered to be a 
reasonable one, which, i f  correct, would not invalidate the conclusions 
reached from resu lts  of the polymyxin treated cases, where successfu l 
b acterio logical elim ination with corresponding c lin ic a l Improvement 
indicated pathogenicity o f the stra ins o f B. c o li  investigated .
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III .
SERUM ANTIBODY RESPONSES IN INFANTILE GASTRO-ENTERITIS
Attempts have been made, notably by Smith, Galloway and 
Speirs (1950) and Smith (1955) > to  demonstrate the presence o f  
serum antibodies to E. c o l i  O lll B4, 055 35 and 026 B6 by d irect  
bacteria l agglutination te sts  on the sera o f patients harbouring 
these organisms„ Cooper, Walters, K eller, Sutherland and Wiseman 
(1955) carried out sim ilar investigations with patients harbouring 
E, c o li  0127. The resu lts  o f these investigations have, on the 
whole, been disappointing in that serum agglutinins have been 
demonstrable only irregularly  and in low t itr e s  in cases o f gastro­
e n te r itis  associated  with these strains o f E. c o l i*
What is  claimed to be a more sen sitiv e  method o f serum anti­
body determination is  that o f  haemagglutination of sen sitised  red 
blood corpuscles (R .3 .C .), f ir s t  described by Keogh, North and 
Warburton (1947, 1946) and applied to the coliform sero log ica l types 
0111 B4 and 055 35 by Neter, Bertram, Zak, Murdock and Arbeseman 
(1952). In th is  t e s t  bacteria l antigens are adsorbed on to the 
surface o f washed R.B.C. o f man or other animals, the resu lting  
sen sitised  c e lls  are then challenged with serum and the presence of 
agglutinins to the se n s it is in g  bacteria is demonstrable by macro­
scopic agglutination of the sen sitised  R.3.C. From the in vestigat-
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ions of i\ieter e t  a l .  (1952) i t  is apparent that such haemagglutin- 
ation tests  are applicable only to the demonstration of E. c o l i  
somatic antigens. S p e c ific ity  te sts  comparing b acteria l 0- 
agglutinations with haemagglutinations indicated that the antigen 
adsorbed on to the R.B.G. was the same as or su b stan tia lly  sim ilar  
to bacterial somatic antigen.
This haemagglutination technique was applied by He ter ,
Zalewski and Ferguson (1953) 'to serum specimens obtained from adult 
volunteers undergoing feeding experiments with E. c o l i  055 B5.
June, Ferguson and Worfel (1953), who performed the feeding experi­
ments, carried out b acteria l O-agglutinations on the same serum 
specimens as those examined by Heter e t  a l .  In post feeding 
specimens good correlation  was obtained between haemagglutination and 
bacteria l O-agglutination but haemagglutinin t itr e s  were found to be 
fiv e  to twenty times higher than those o f 0-agglutin ins.
These resu lts  suggested that use o f the in d irect bacteria l 
haemagglutination t e s t  might afford an e f f ic ie n t  method for demonstrat­
ing serum antibodies in cases o f in fa n tile  g a stro -en ter itis  and thus 
provide a means o f assessing the pathogenicity o f sp e c if ic  sero log ica l 
types o f E. c o l i  in  th is d isease. Accordingly, a fter  preliminary 
tr ia ls  of the haemagglutination t e s t ,  an investigation  was carried 
out to determine serum antibody lev e ls  in infants admitted to a gastro­
e n te r itis  ward in Euchill H ospital, Glasgow.
MATERIALS AHD METHODS:
The ward, se lected  for th is  investigation  had non-cubicled
accommodation for six teen  babies and catered only for cases of 
g a stro -en ter itis . During the period of investigation  a l l  babies
admitted to th is  ward had a specimen o f sto o l or rec ta l swab taken 
on admission or within a few hours thereof. This specimen was 
examined for E. c o l i  types as described in Chapter 2, Section I .
OB antisera to E. c o l i  0 Groups 111, 55* 26, 86, 125* 126, 127 and 
128 were used for typing. Where culture o f a baby’s admission 
specimen o f faeces yielded a type able stra in  o f E. c o l i  or where a 
baby became cross infected  by a typeable s tr a in , one colony, 
representative o f that s tra in , was retained and subcultured for use 
in  agglutination te sts  with that p a tie n t’s serum. Where the 
admission specimen yielded only untypeable E. c o l i . one colony, 
considered from colon ia l appearances to be representative o f the 
p a tie n t’s coliform flo r a , was s im ila r ly  retained and subcultured for 
use in sero log ica l t e s t s .
Specimens o f venous blood were taken from each patien t on the 
day o f admission and 10 to 20 days la te r . The presence o f agglutin­
ins to a p a tien t’s admission and cross in fectin g  organisms (where the 
la t te r  occurred) was determined by bacteria l agglutination and 
haemagglutination tests  on both specimens o f that p a tie n t’s serum.
The c lin ic a l sev er ity  o f each case was judged on the presence or 
absence o f diarrhoea and dehydration.
Serological Methods:
1• Bacterial agglutinin determinations:
The presence of E. c o l i  0 and B agglutinins in serum
was resp ective ly  tested  for as follows
f0 ’-A gglutinins : 0.25 ml. s e r ia l d ilu tions o f serum in
isoton ic sa lin e were mixed with equal volumes of boiled  
suspension o f the organism under t e s t .  The mixture was 
incubated for 20 hours a t 50°C., a fter  which macroscopic 
agglutination was read.
_’B*-Agglutinins i The procedure was as for 0-agglutin in
determination except that suspensions of l iv e  organisms 
were used. Macroscopic agglutination was read a fter  
incubation a t 37°C. for 2 hours, followed by 18 hours a t  
room temperature.
2. Haemagglutination determinations:
Human group 0 R.B.C. were washed three times with 
phosphate buffered sa lin e  (P .B .S .) o f pH 7 .8 . A 4-8 hour 
agar p late culture of the stra in  o f E. c o l i  to be tested  
was suspended in 30 ml. of P .B .3 ., boiled for two hours 
and, when coo l, the washed R.B.C. were added to make a 
f in a l concentration of 2*5^» This mixture was incubated 
a t 37°C* for two hours with frequent ag ita tion , in order 
to adsorb b acteria l somatic antigen on to the surfaces of 
the R.B.C. A fter th is se n s it is in g  procedure, the R.B.C. 
were certrifuged free from bacteria , washed thrice as before 
and resuspended in P.B.S. to a concentration of 1.5%. The 
resu lting  suspension was then used as antigen in haemagglu­
tination  t e s t s .
0.25 ml. volumes o f sen s itised  R.B.C. suspension were 
mixed with 0*25 ml. s e r ia l d ilu tion s o f serum in P.B.S. and 
incubated for one hour a t 37°C. Haemagglutination was 
read macros cop ic a lly  a fter  centrifuging for two minutes a t
1,000 rev3 ./m in. Two control tubes were incorporated 
in each t e s t .  One contained the low est d ilu tio n  of 
serum plus washed but unsensitised  R.B.C. The other 
contained P03 .3 . plus se n s it ise d  R.B.C.
Preliminary T ria l:
Haemagglutination tests  for bacteria l 0-agglutinins were 
carried out in p a ra lle l with conventional b acteria l O-agglutination 
te s ts  using 10 strains o f E. c o l i  0111 BA, 6 o f 055 B5, 6 of 026 B6 
and 10 o f 0125 B15. Each stra in  was challenged with rabbit anti­
sera prepared to these four sero log ica l types.
RESULTS:
The resu lts  of the preliminary t r ia l  are shown in  Table 3A«
I t  is  clear from these resu lts that the haeraagglutinin t itr e s  
obtained c lo se ly  p aralle led  those o f bacteria l 0-agglu tin ins0 
Increased s e n s it iv ity  o f the haemagglutination t e s t ,  which would have 
been indicated by higher haemagglutinin t i t r e s , was not apparent.
The c l in ic a l  investigation  covered the months January to 
March, 1956. F ifty -e ig h t consecutive admissions were studied during 
th is  period. Seventeen infants were harbouring s p e c if ic  E. c o l i  
types on admission, forty-one had no typeable organisms iso la ted  a t  
that time, and twenty-eight babies became cross in fected  with a 
sp e c if ic  E. c o l i  type while in h o sp ita l. The resu lts  are summarised 
in Table 35»
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Table 3A
Comparison o f b a c te r ia l  O-avglu f i l ia t io n  w ith  h aem agg lu tina tion
in d i r e c t  o a c te r ia l  
haem agglu tina tion  with 
a n t is e r a  prepared to
u -a g g lu tin a tio n  w ith  
a n t is e r a  p rep a red  to
q u i b a
0111 BA
0111 BA 
0111 BA 2800
0111 BA 12800 12800
0111 BA
055 B5 \
2 5 5 _ B £ .l
H
12800
12800
12800
12800 12800
25 0125 01
26 0125.-3315 oAOO 
6A0.0Q 12U 15 128002 ^ Q I 2 lj a S
220125
0125 _B15
12800-  84 CO
6400
^ ^ o i 2 U 1 5 .
32 0125 3151. ■
P o s itiv e  a g g lu tin a tio n s  and haem agglu tinations are recorded  
as re c ip ro c a ls  o f  serum d ilu tio n s*
No a g g lu tin a tio n  or haem agg lu tina tion  a t  d i lu t io n  o f 1
in  100,
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Table 35
Summary o f  c l i n i c a l  fin d in g s  in  v3 bab ies adm itted  to  a 
g a s t r o - e n te r i t i s  ward, d u rin g January  t o March, 195b
Class i f i c a t io n No. o f A sso c ia ted  D iarrhoeaP a tie n ts Severe Mild N il
S to o l p o s i t iv e  fo r  typeable
‘ ■■I
E. c o l i  on adm ission 17 7 A
S to o l neg a tiv e  fo r  typeab le i
E. c o l i  on adm ission Al 0 7 34
Cross in fe c te d  w ith  typeab le
s t r a in  o f  E. c o l i 28 3 8 17
Nine o f  the f i f t y - e ig h t  p a t ie n ts  in v e s t ig a te d  had serum 
a g g lu tin in s  dem onstrable to  th e i r  homologous fa e c a l s t r a i n  o f E. c o li .  
Only th re e  o f  th ese  p a t ie n ts  were harbouring  s t r a in s  o f  E, c o l i  known 
to  be a s so c ia te d  w ith  g a s t r o - e n t e r i t i s .  Table 36 shows a comparison 
o f b a c te r ia l  a g g lu tin a tio n s  and haem agglu tinations in  s e ro lo g ic a lly  
p o s it iv e  case s . The presence and s e v e r i ty  o f  d ia rrh o e a  is  a lso  
recorded  fo r  each case . I t  is  ap p aren t from these  r e s u l t s  th a t  
an tibody  response was ex cep tio n a l and, where p re s e n t ,  the t i t r e s  
o b ta in ed  were g e n e ra lly  o f a low o rd e r . A ntibody response involved 
0 a n tib o d ie s . No B an tib o d ies  were dem onstrable. Comparison of 
haem agg lu tina tion  with, b a c te r ia l  a g g lu tin a tio n  showed th a t  in  cases 6 
and 7 , haem agg lu tina tion  te s t s  in d ic a te d  the p resence o f  an tibody  
which was n o t dem onstrable by b a c te r ia l  a g g lu tin a tio n . The converse 
was found in  cases 14 and 33* In  the rem aining p a t ie n ts  the two
methods gave s im ila r  r e s u l t s .  Only th ree  o f  the n ine babies had
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g a stro -in testin a l symptoms* No definable relationship  could be 
demonstrated between sev er ity  o f i l ln e s s  and the presence of serum 
antibodieso 
PIS CUSS’ION:
The claims o f Neter e£ al* (1953) for the e ff ic ie n c y  o f the 
in d irect b acteria l haemagglutination t e s t  as a method o f demonstrate 
ing serum agglutinins to sp e c if ic  sero log ica l types o f E. c o l i  were 
based la rg ely  on resu lts  o f human adult feeding experiments in which 
haemagglutination appeared, to be a more sen sitiv e  t e s t  than bacterial 
agglutination* Further work by Neter, Westphal, Luderitz, Gino and 
Gorzinski (1955) indicated that the haemagglutination technique was 
equally applicable to sero log ica l stud ies in infants and children, 
though in that investigation  no d irect comparison o f haemagglutin- 
ations and b acteria l agglutinations was made*
I t  is  d i f f ic u l t  to understand why haemagglutination should be 
considered a more sen sitiv e  method of antibody determination than 
d irect bacteria l agglutination, i f ,  as Neter and his associates
(1952) suggest, both tests  demonstrate the presence of somatic 
antigens, and e sp ec ia lly  as i t  was shown that where strains of S* c o li  
0111 B4 and. 055 B5 were challenged with th eir  homologous rabbit an ti­
sera the t itr e s  obtained by haemagglutination were c lo se ly  sim ilar to 
those o f d irect b acteria l O-agglutination tests*
In the present in vestigation , close correlation of
haemagglutinin and b acteria l 0-agglu tin in  t itr e s  has been found with 
rabbit antisera prepared, to E* c o l i  0111 B4, 055 Bf>, 026 B6 and.
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0125 B15* These resu lts indicate that the two sero lo g ica l tests  
might be expected to give sim ilar t itr e s  where 0-agglutin ins are 
present in human sera. Investigation  of f if ty -e ig h t  infants for 
the presence of serum antibodies to th eir  homologous strains of 
E. c o l i  has, in  fa c t , shown that the occurrence o f  p o sitiv e  
haemagglutinations has c lo se ly  p ara lle led  that o f  b acteria l 
O-agglutinations and that haemagglutinin t i t r e s ,  where present, 
did not d iffer  s ig n if ic a n tly  from those o f b acteria l 0-agglutinins*
On th is b a sis , haemagglutination has not been shown to be more 
sen sitiv e  than standard bacteria l agglutination for the demonstration 
of serum 0-agglutin ins in infants*
S erolog ica l responses, generally o f low order, occurred in  
only nine of the f if ty -e ig h t  infants studied and were not confined 
to those infants harbouring sp e c if ic  sero log ica l types o f E. c o l i*
No definable relationship  was evident between sero log ica l response 
and sev erity  o f g a stro -en ter itis . I t  was, therefore, not possible 
to assess, by antibody determinations, the pathogenicity o f sp ec ific  
sero-types o f E* c o l i  in th is in vestigation .
CHAPTER 6 
PATHOGENICITY OF ESCHERICHIA COLI 
IV.
ENTEROPATHOGENIC EFFECTS IN RABBITS . OF STRAINS
OF E. COLI ISOLATED FROM CASES OF GASTRO-INTSRITIS
CHAPTER 6
r A ThQGEKIC IIY OF gSgli^H^HlA_,COIJ 
IV.
ENTEROPATHOGENIC EFFECTS IN RABBITS OF STRAINS 
OF E. COLI ISOLATED FROM CASES OF GASTRQ-SNTSRITIS
Pathogenicity o f sp ec ific  sero log ica l types o f B. c o li  
associated with g a stro -en te fit is  has been su ccessfu lly  demonstrated 
experimentally in human adult volunteers by Kirby, Hall and Coackle
(1950) > Ferguson and June (1952) and June, Ferguson and l/orfel
(1953)# Animal experiments directed to the same end have proved 
rewarding only in the hands o f De, Bhattacharya and Sarkar (1956),
3
who showed that strains o f 5 . c o l i  derived mainly from cases of 
gastro -en ter itis  in adults, could produce macroscopic and, micro­
scopic lesion s when injected  into lig a te d  loops o f rabbit bowel.
The present study was undertaken in  order to ascertain i f  the metho 
o f De e t  a l .  (1956) were applicable to certain o f those strains of 
E. c o li  commonly associated with in fa n tile  g astro -en ter itis  since  
only three such strains were included in these workers’ study.
MATERIALS AND METHODS:
Adult rab b its, approximately 5 lb s . (2.3 kg.) in weight, 
were used. Each t e s t  animal was given water only for IS hours, 
then anaesthetised with an in tra-peritoneal in jection  of sodium 
pentobarbitone (60 mg./5 lb . weight) followed by open ether. The 
abdomen was opened and a loop of small in testin e An to 6 n long was
-  117 -
iso la ted  by s i lk  lig a tu res . Into the lumen o f th is loop was 
in jected  2,0 ml, of a 24 hour peptone water culture (pH 3,4-) of the 
organism under t e s t .  The abdomen was then closed and the animal 
allowed to recover. Twenty-four hours a fter operation, the rabbit 
was k ille d  by chloroforming. The Isolated bowel loop was examined 
macroscopically for congestion and distension  and the contents of 
the loop cultured for E, c o l i . The bowel was then fixed  in 10$ 
formal sa line and prepared for h is to lo g ic a l examination. I n it ia l ly ,  
experiments were restr ic ted  to one per animal. Later, for the sake 
of economy, th is was increased to two per animal using bowel loops 
a t le a s t  9" apart,
* Twenty-three strains o f S. c o l i  o f the sero log ica l types
commonly present in cases o f in fa n tile  gastro -en ter itis  were 
investigated. Nine strains were iso la ted  from babies during the 
acute stage o f severe g a stro -en ter itis , i . e , ,  g astro -en ter itis  
n ecessita tin g  intravenous therapy. S ix  strains were derived from 
babies having mild gastro -en ter itis  and seven from babies having no 
symptoms. One further strain  was obtained from an adult having 
acute vomiting and diarrhoea. Control experiments were carried out 
using four sero lo g ica lly  untypeable strains of E. c o l i  iso la ted  from 
healthy babies. Seven more control experiments were performed to 
ascertain the e ffe c ts  of lig a tio n  alone and lig a tio n  plus in jection  
of s te r ile  peptone water a t pH 8,4-,
-  118 -
RESULTS:
'The resu lts  are given in f u l l  in Table 37 and are summar­
ised- in Table 38* I t  became apparent early  in the experiments 
that gross appearances did not s t r ic t ly  correspond, to those of  
microscopy# Thus, from Table 37 , in Control 1 where lig a tio n  only 
was performed, the macroscopic appearances suggested a much more 
d efin ite  le s io n  o f the bowel wall than was demonstrable h isto lo g ic ­
ally# In Controls 2, 3? 6 and 7 , on the other hand, collapsed  
bowel of normal appearance showed desquamation and necrosis of the 
tips o f the v i l l i  m icroscopically. Likewise, in experiments T .l l ,
139 15? 16, 17, 18 and 28 h is to lo g ic a l examination showed deviations 
from normal bowel pattern in the absence o f marked naked eye changes.
H isto log ica l findings in the eleven control experiments 
showed e s se n t ia lly  normal bowel structure without oedema or ce llu lar  
in filtr a tio n  in the submucosa (Figure l ) .  Occasionally desquamation 
of the su p er fic ia l epithelium o f the v i l l i  was seen# This appear­
ance was regarded as being non-specific  and probably due to 
experimental trauma# Experiments involving four strains o f S. co li  
026 B6, two of 055 B5, two of 0111 B4 and, one of 0125 B15 (T .l to 
T.10 inclusive) showed sim ilar h is to lo g ica l findings to those 
present in control experiments. I t  w ill  be seen from Table 38 
that of the nine individual strains studied in th is group, s ix  were 
iso lated  from patients having no diarrhoea, two were from cases o f  
mild g astro -en ter itis  and one from a severely i l l  baby# In the 
nine experiments, T . l l ,  12, 13? 15? 16, 17, 18, 19 and 20, the
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Figure 1 -  R abbit in te s t in e  24 hours a f t e r  l ig a t io n  and in je c t io n  
w ith  s t e r i l e  peptone w a te r . No gross abnorm ality  is
seen in  the mucosa. H. & 1 . x BO.
Figure 2 -  R abb it in te s t in e  24 hours a f t e r  l ig a t io n  and in je c t io n  
w ith  a s t r a in  o f  E. co l i  055 B5 from a p a t ie n t  w ith  
m ild  g a s t r o - e n te r i t i s .  There is  gross oedema in  
tiie mucosa and submucosa b u t no c e l lu la r  re a c t io n  is  
p re s e n t .  H. & B. x 80.
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presence o f oedema in the v i l l i  and subraucosa was the most marked 
microscopic feature (Figure 2)• This reaction was regarded as 
being a sp e c if ic  h is to lo g ica l change o f mild type. I t  was observed 
with four stra in s o f E. c o l i  0111 B4 , one of O55 B5 and one of  
0125 B15. A ll s ix  of these strains were iso la ted  from cases of  
gastro -en ter itis  (Table 38).
In e igh t experiments (T .14, 21, 22, 23, 26, 27, 28 and 29) 
a severe type o f tissu e reaction was encountered. This reaction  
was characterised by necrosis and ulceration  of the mucosa with 
marked in f iltr a t io n  of polymorphonuclear leucocytes in the mucosa 
and muscle coats (Figure 3)* Five strains o f S. c o l i  0111 B4 , 
two of 026 B6 and one o f 055 B5 gave th is type o f h isto lo g ica l  
le s io n . With one exception these strains were derived from patients  
suffering from mild or severe gastro -en ter itis  (Table 38).
In experiments T .l and 2, T.15 and 16, T.17 and 18, T.19 and 
20, and T.23, 24 and 25, where repeated observations were made on 
strains o f E. c o l i . Table 37 shows that pathogenic changes were 
reproducible in every case.
DISCUSSION:
The resu lts  o f th is in vestigation  show the existence o f good 
correlation between experimental lesion s produced by sp ec ific  
serological types o f E. c o l i  and the association  of these same 
strains with g a stro -en ter itis  in the human subject. Thirteen 
(81.25$) of sixteen  such strains examined (Table 38) produced. lesioiws
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Figure 3 -  R abb it in te s t in e  24 hours a f t e r  l ig a t io n  and in je c t io n
w ith  a  s t r a in  o f  E. col i  0111 B4 is o la te d  from a  baby w ith  
severe  g a s t r o - e n t e r i t i s .  There is  ex ten s iv e  n ecro sis  o f 
the mucosa w ith  gross c e l l u la r  re a c tio n  which a f fe c ts  the  
whole th ick n ess  o f  the  bowel wall# H# & x 80*
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in lig a ted  rabbit bowel loops d is t in c t  from those produced by 
sero lo g ica lly  sim ilar and control strains iso lated  from symptom- 
le ss  babies. The resu lts  compare favourably with those reported 
by De e t  a l .  (1956) in sim ilar experiments, where th irteen  (65$) 
of twenty strains obtained from cases of acute gastro -en ter itis  
gave r ise  to experimental lesions in rabbits.
Of the seven typeable and four untypeable strains  
investigated, from asymptomatic babies, only one (9$) produced what 
was considered to be a s ig n ifica n t h is to lo g ica l change experimental­
ly .  Again th is  compares favourably with the resu lts o f De e t  a l.  
who found that three (15$) of twenty strains from healthy carriers 
gave r ise  to d iscernib le changes in rabbit bowel.
Although my resu lts  show a close s im ila r ity  to those of 
D® eil» the lesio n s produced in my experiments d iffered  in some 
respects from those reported by the la tte r  workers. Attention has 
already been drawn to the u n r e lia b ility  o f gross appearances as a 
criterion  of pathogenic change. H isto log ica l lesion s o f the 
oedematous type described by De e t  a l .  were present in experiments 
involving s ix  strains o f S. c o l i  but a much more acute ulcero- 
neerotic le s io n  with aggregations o f polymorphonuclear leucocytes 
occurred with a further e igh t s tra in s . The appearances of the 
la tte r  reaction are consisten t with i t s  being a more severe version  
o f the former and not n ecessarily  an en tire ly  d ifferen t type o f  
le s  ion.
The degree o f reaction observed in experimental animals
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did not give any clear indication of the sev er ity , as d is t in c t  
from the presence, o f g astro -en ter itis  in the human subject 
(Table 38). When account is  taken o f the many variable factors 
influencing host resistance to in fection  i t  would have been 
surprising to have been able to correlate actual sev er ity  o f i l l ­
ness with d istin c tiv e  experimental le s io n s .
Nevertheless the resu lts o f  th is  investigation  show that 
strains o f E. c o l i  iso la ted  from cases of gastro -en ter itis  produce 
enteropathogenic e ffec ts  in rabbits with su ff ic ie n t  frequency and 
consistency to suggest that an experimental method is  now available  
for estim ating the pathogenicity o f strains o f E. c o l i  for human 
hosts. The good correlation obtained between experimental resu lts  
and c lin ic a l findings also goes far to estab lish ing a d efin ite  
a etio lo g ica l relationship  o f certain  S . c o l i  serotjpes to human 
gas tro-e nter i t i s •
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CHAPTER 7
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CHAPTER 7 
GENERAL PIS GIBS I  OH AND CONCLUSION
The in fec tiv e  nature o f epidemic in fa n tile  gastro -en ter itis  
is  no longer ser io u sly  disputed# I t  is  only within the past 
decade, however, that any wide credence has been given to the role
o f Escherichia c o l i  as an important a e tio lo g ica l agent o f the
condition. Since 1944 overwhelming evidence im plicating E. c o l i  
has been provided by the iso la tio n  o f certain sp e c if ic  sero log ica l 
types of the organism from high proportions of cases in nosocomial 
epidemics o f the d isease , with c lin ic a l and b acterio log ica l
evidence o f case to case spread. Good c lin ic a l responses to anti­
b io tic  therapy directed against E. c o l i  have also been recorded and 
feeding experiments directed to the experimental production of 
gastro -en ter itis  in  human volunteers have met with considerable 
success. Although the demonstration of antibody responses in the 
sera o f a ffected  individuals and the reproduction of disease by 
feeding experiments in laboratory animals have been le ss  su ccessfu l, 
exception to the a etio lo g ica l role o f E. c o l i  has seldom been taken 
on these grounds. Dissident views have been expressed principally  
because o f the frequent iso la tio n  of sp e c if ic  E. c o l i  serotypes 
from babies, in the absence o f g a stro -en ter itis . This standpoint 
is  i l lo g ic a l  in  the l ig h t  o f  experience with the recognised  
in te s tin a l pathogens o f S a lm o n e lla , and Shigella  groups where i t  is  
common to iso la te  these organisms from the stoo ls o f asymptomatic
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p a tie n ts  •
While d efin itiv e  work on the enteropathogenic nature o f  
strains o f E. c o li  has prin cip ally  concerned the serotypes 0U 1 B4 
and 055 B5, other sero log ica l types have, since the commencement 
o f th is study, been associated with cases and epidemics o f  
in fa n tile  g a stro -en ter itis . Kauffnann (1954) has voiced the 
general opinion that the serotypes 026 B6 and 086 B7 should, lik e  
the former two serotypes, be regarded as a e tio lo g ica l agents of  
the d isease. The pathogenicity o f more recently  recognised  
sero log ica l types has not, however, been so w ell established.
The resu lts  o f  the present study, in which approximately 
two-thirds o f a l l  patients found to harbour serotypes 0111 B4,
055 B5 and 026 B6 had or developed c lin ic a l g a stro -en ter itis , 
confirm current opinion on the pathogenicity o f these stra in s .
E. c o l i  086 B7 was not encountered during the h osp ita l survey but 
two other serotypes, v i z . ,  0125 B15 and 0126 B16, did occur.
These two serotypes were le s s  often  associated with severe gastro­
in te s t in a l symptoms and., on th is b a sis , can only be regarded as 
le ss  pathogenic than E. c o l i  0111 B4 , O55 B5 and 026 B6.
I t  is  unfortunate that a medium for the se le c tiv e  iso la tio n  
o f p o ten tia lly  enteropathogenic strains o f E. c o l i  from sto o l 
samples has not yet been evolved. Existing culture methods do not 
read ily  lend themselves to e f f ic ie n t  use in a busy routine labora­
tory, since they depend to a great extent on the patience o f the 
operator, which tends to vary inversely  with the number of cultures
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to be dealt with. There can be l i t t l e  doubt that sp e c if ic  sero­
lo g ica l types of E. c o l i  from cases of in fa n tile  g a stro -en ter itis  
and from asymptomatic carriers are thus frequently missed. The 
epidem iological and prognostic aspects o f th is d efic iency  are of  
much more serious moment than any fa ilu re to provide a quantitative 
estimate o f the numbers of sp e c if ic  E. c o l i  serotypes on culture 
p la tes . Iso la tio n  of these organisms in pure or almost pure 
culture from cases o f g a str o -en te r it is , again by analogy with 
Salmonella and S h igella  in fec tio n s, is  not considered to be a 
sp e c if ic  requirement for their pathogenicity.
Study o f fermentation reactions o f strains o f E. c o li  
iso la ted  during the survey suggested that use of the glucoside 
sa lic in  might provide a more e f f ic ie n t  means o f d ifferen tia tin g  
p o ten tia lly  enteropathogenic strains o f E. c o l i  from many of the 
other organisms commonly met with in faeces. The resu lts  with 
S a lic in  Bromthymol-blue Agar medium did in fa ct indicate that use 
o f th is medium was more e f f ic ie n t  and le ss  time-consuming than 
MacConkey medium for the primary iso la tio n  o f sp e c if ic  E. c o l i  sero­
types. For these reasons i t  is  considered 'bo be an improvement on 
MacConkey for routine laboratory use.
Most h osp ita l b acterio log ists are aware o f the frequent 
occurrence of apparently in fective  nosocomial diarrhoea from which 
no pathogenic or p o ten tia lly  pathogenic micro-organism can be 
iso la ted . The resu lts  o f the h osp ita l survey show that the incid­
ence of sp e c if ic  sero log ica l types o f S. c o l i . even in patients over
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1 year o ld , was not inconsiderable compared with that of Salmonella 
and S h igella  s tra in s . Moreover, o f the forty-seven adults and 
older children found harbouring typeable strains o f E. c o l i . seven 
(14.9$) had. severe, and twenty-one (44°7%) had mild g a stro -en ter itis . 
So that, as with in fan ts, almost two-thirds o f the patients with 
p ositive  s to o l cultures had c lin ic a l evidence o f g a stro -en ter itis . 
These resu lts  suggest that epidem iological investigation  of 
in stitu tio n a l outbreaks of diarrhoea should include search for  
sp e c if ic  sero log ica l types o f E. c o l i .
In the hosp ita l survey, factors thought l ik e ly  to be related  
to the severity  o f g a stro -en ter itis  were investigated , but neither 
sp ecia l ch aracteristics o f the E. c o l i  strains nor d eb ilita tin g  
factors in patients could be shown to have any d efin ite  prognostic 
sign ifican ce. There was, however, some indication that estab lish ­
ment o f sp e c if ic  E. c o li  serotypes in the bowel was more common in  
d eb ilita ted  p a tien ts , e sp e c ia lly  in those over 3 months old. To 
th is extent, therefore, d e b ility  appeared to increase su sc ep tib ility  
to in fection .
As regards sp ec ific  an tibacteria l treatment o f in fa n tile  
g a stro -en ter itis , several factors govern the successfu l use o f anti­
b io tics  in th is condition. The princip les involved have been 
outlined in an ex ce llen t paper by Sw ift (1957). Because o f the 
immaturity o f the immunological mechanisms in infancy, Sw ift has 
stressed  the importance o f using bactericidal rather than bacterio­
s ta t ic  agents in th is age group. Moreover, i t  is  desirable to
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maintain e ffe c tiv e  concentrations of an tib io tic  at the s it e  of  
in fection , i . e . ,  in  the bowel lumen, in the case o f in fa n tile  
g a stro -en ter itis . Thus, for e f f ic ie n t  treatment i t  would appear 
to be necessary to use bactericidal a n tib io tics  which are e ffec tiv e  
against B. c o l i  and are not absorbed from the bowel. Polymyxin B 
f u lf i l le d  these requirements to a greater extent than other an ti­
b io tic s  in common u se , and the resu lts  of polymyxin therapy in the 
c lin ic a l t r ia l  confirmed it s  th eoretica l promise.
Attempts by various workers to demonstrate serum antibody 
responses to s p e c if ic  5. c o l i  serotypes in cases of in fa n tile  gastro­
e n te r it is  have not been con sisten tly  successfu l. This is
unfortunate, since i t  is  recognised (Wilson and M iles, 1955) that an 
accurate assessment o f the relationship  o f a suspected micro-organism 
to a given disease can be made by demonstration of sp e c if ic  anti­
bodies, in abnormally large amounts, in the blood of affected
individuals. In the present study, i t  was found that use o f the
in d irect b acteria l haemagglutination technique o f Neter e t  a l .  (1952) 
s t i l l  fa ile d  to provide clear evidence, in gastro -en ter itis  p a tien ts , 
o f the presence o f  serum antibodies to E. c o l i . No indication of 
the pathogenicity o f these organisms was, therefore, obtainable by 
th is means. I t  is  perhaps not altogether surprising that anti­
bodies are not regularly demonstrable in in fa n tile  g a stro -en ter itis , 
f i r s t ,  because o f the immaturity of those patients most often  
affected  and, second, because o f the fa ilure to show, in autopsies
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o f fa ta l cases, invasion of the hosV s tissues by E. c o l i  '
Investigation  of 'the pathogenicity o f sp e c if ic  sero log ica l 
types o f E. c o l i  by experiments on laboratory animals has, u n til now, 
been unrewarding. By using the method o f De e± a l . . 1956, i t  was, 
however, possib le for histopathogenic changes to be produced in 
rabbit in testin e  by E. c o l i  types 0111 B4 , 055 B5, 026 B6 and 0125 
B15. The good correlation shown between the presence o f gastro­
en ter itis  in p a tien ts , and the lesion s obtained in experimental 
animals, indicates that the method is  a suitable one for demonstrat­
ing enteropathogenic properties o f  E. c o l i  s tra in s .
Taken as a whole, the resu lts  o f th is investigation  present 
further evidence that certain sero lo g ica l types o f Escherichia c o li  
are important a e tio lo g ica l agents o f epidemic in fa n tile  gastro­
e n te r it is .  This concept is  in accord with the changing character­
is t ic s  o f the disease, which has, since the beginning o f the twentieth 
century, become le ss  of a scourge to the infant population in th is  
country. On the assumption that the disease was a t one time food- 
borne, the decline o f  epidemic in fa n tile  gastro-en ter itis  can be 
lo g ic a lly  related  to generally improved standards o f hygiene in  the 
past f i f t y  years. In th is connection, the observations o f Thomson 
(1956), on the occurrence o f p o ten tia lly  enteropathogenic varieties  
o f  E. c o l i  in cows1 milk suggest that this was probably a very 
important source o f in fection . In Britain, unheated cows* milk is  
no longer fed  to in fan ts. To-day, in fa n tile  gastro-en ter itis  is  a 
disease o f in fant communities in hosp itals and in stitu tio n s . Case to
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case spread in hosp itals has been c learly  demonstrated by Rogers
(l9 5 l)  to take place as a resu lt o f the gross environmental 
contamination by cases harbouring sp e c if ic  E. c o l i  serotypes.
Within the la s t  decade, however, even in hosp itals and 
in stitu tio n s the occurrence o f the disease has become le ss  frequent 
and i t s  e ffe c ts  le ss  dangerous. This can be d ire c tly  related  to 
general acceptance by paediatricians and b acterio log ists of the 
enteropathogenic p o te n tia lit ie s  for infants o f certain sp e c if ic  
sero log ica l types o f S. c o l i . The importance of th is  new attitu d e  
to sp ecia l serotypes of E. c o l i  is  reflected  in the work of Jameson 
e t  a l .  (1954), who su ccessfu lly  eradicated g a stro -en ter itis  from an 
infant hosp ita l ward, over a period o f sixteen  months, by taking 
steps to exclude these serotypes from the ward*. Moreover, anti­
b io tics  are now generally available for use against E. c o l i . While 
i t  has already been pointed out that some an tib io tics  are more 
l ik e ly  to be e ffec tiv e  than others in the treatment o f in fa n tile  
g a stro -en ter itis , Smith and. Galloway (1953) have shown that several 
an tib io tics in common use, notably the tetracyclines and chloram­
phenicol, s ig n if ic a n tly  in h ib it the c o l i f 01m flora  of the in testin e  
and, therefore, to some extent must lim it  cross in fection  by 
sp e c if ic  serotypes. This has been confirmed experimentally in the 
case o f chloramphenicol by Todd and Hall (1953)* From the resu lts  
obtained with polymyxin in the present in vestigation , and from those 
recorded by Rogers e£ a l .  (1956) with neomycin, i t  is  also apparent 
that rational and e ffec tiv e  treatment of the disease with an tib io tics
-  134 -
is  now p ossib le . Thus, the experimental studies o f the past 
decade, and the behaviour o f the disease during th is period, 
confirm the importance o f Escherichia c o l i  as an a e tio lo g ica l 
agent o f  epidemic in fa n tile  gastro-en ter itiso
R E F E R E N C E S
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